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ABSTRACT
It has been consistently demonstrated that right 
ear scores are higher than left ear scores when normal 
listeners hear dichotic speech signals. This has been 
taken to support the primacy of the crossed auditory 
pathways and the executive function of the left hemi­
sphere for speech and language. However, most investi­
gators had used poorly aligned (i.e., non-simultaneous) 
dichotic signals to explore this phenomenon, and had not 
studied word competition in the same ear. Furthermore, 
because of technical difficulties in aligning the 
stimuli even for simultaneous presentations, no work on 
systematically time-staggering the competing syllables 
had appeared in the literature. Two phases of speech 
perception of competing syllables were therefore studied 
with a unique and specially constructed two-channel 
delay line which permitted the control of onsets and 
alignments of the syllables. Phase I studied perceptions 
of monotic and dichotic presentations with no time lag 
between the syllable onsets. Phase II explored the per­
ception of staggered syllable onsets.
The subjects were 12 normal, young, adult females 
who were presented 20 dichotic and 20 monotic tests.
Four tests were given in both monotic and dichotic 
listening modes under the following five time conditions:
0 separation (simultaneous) and separations of 15, 30,
60, and 90 msec. The test stimuli were nonsense syllables 
(CV's) using the stop consonants plus the vowel /a/. The 
syllable onsets were accurate within ± 2 msec of the onset 
times listed above, and the amplitudes of vowels were 
matched within 2 dB.
When the words were simultaneous and dichotic 
(one in each ear) there was a statistically significant 
superior report of right ear stimuli. Voiceless onsets 
showed a markedly better report than did voiced onset 
syllables. In the simultaneous monotic condition, the 
right ear and left ear reports were virtually the same.
The voiced onset syllables were better reported than the 
unvoiced onset syllables.
In the time - staggered tests, monotically the lead 
stimuli were better perceived. Surprisingly, for dichotic 
tests there was better report of the lag stimuli. This 
was consistent for the right ear but was not apparent for 
the left ear until its stimuli lagged 60 or 90 msec.
The striking differences of listener report in 
monotic and dichotic tests clearly demonstrate a masking 
effect in monotic presentations and may reflect two 
levels of cortical function influencing dichotic results: 
right ear (left cerebral hemisphere dominance), and short­




Since the early nineteenth century, the literature 
has reflected a search for evidence of specialization of 
cortical areas subtending speech and language. The 
earliest reports of evidence of hemispheric dominance in 
speech function were offered by Dax (1836), Broca (1861), 
and Wernicke (1874). Autopsies on their language-impaired 
patients showed that lesions of the left cerebral hemi­
sphere were linked with right-sided hemiplegia and 
impairment of speech.
Until the middle of the 1950's the knowledge of 
neurological substrata of speech and langauge was obtained 
solely by a study of pathological and neurosurgical 
material. Penfield's direct stimulation methods (1959) 
and the intra-carotid amytal injection technique introduced 
by Wada and Rasmussen (1960) have shown the left hemisphere 
is executive for language function in most people.
A safer, psychophysical method of assessing 
laterality of brain function in normals has only recently 
been developed. When normals hear a different message in
2
each ear simultaneously, they tend to report the right 
ear message more accurately. The inference drawn from 
this "right ear effect" is that although each ear has 
neural connections to both hemispheres, the contralateral 
pathways are stronger; since most individuals are left 
brain dominant for language, the right ear message gets 
processed more efficiently.
Milner (1961) and Kimura (1962) found right 
ear/left brain dominance with verbal stimuli, but when 
normal subjects were tested with non-verbal sounds such 
as music (Kimura, 1964) and sonar signals (Chaney and 
Webster, 1966) a left ear superiority was shown. This 
result was interpreted as reflecting a right hemisphere 
dominance for non-speech acoustic signals. Thus some 
workers feel the left hemisphere is executive for verbal 
acoustic signals and the right hemisphere for non-verbal 
acoustic signals. If the primacy of the left hemisphere 
for speech is valid, then speech information arriving 
at the right brain must be routed to the left brain and 
some delay or transmission loss must occur. The effect 
of time on this delay or transmission loss is the main 
focus of this work.
3
CHAPTER II 
REVIEW OF THE LITERATURE
The Auditory Pathways 
The schematic outline of the auditory nervous 
system as presented by Galambos (1958) describes a 
series-parallel arrangement of the successive stages of 
this sensory system. These neural pathways show a 
replication of their projections at the "auditory 
stations." From the brainstem and subsequent levels of 
this system, there is bilateral projection, that is, 
the two cochleae are represented to their destinations at 
the temporal lobe both by ipsilateral and contralateral 
paths. The ascending pathways of the central auditory 
system were first anatomically traced and described by 
Ramon y Cajal in the early 1900's. Other work has 
added finer detail to our understanding of the anatomy 
and the topography of this sensory system. Excellent 
reviews of these findings are found in Whitfield (1957) 
and Mountcastle (1968).
The transmission of auditory information is 
probably accomplished by the ascending auditory pathway 
briefly described below. Two other possible routes to
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the cerebral cortex are the afferent auditory connection 
to the cerebellar vermis and the ascending reticular 
formation.
The fibers of the cochlear portion of the VIIIth 
Nerve enter the lower brainstem at the lateral aspect 
of the inferior border of the pons. Each fiber then 
immediately divides to send terminal branches, one to 
each of the three cochlear nuclei. Each of these nuclei, 
the dorsal, the anteroventral, and the posteroventTal 
receives a complete representation of the cochlear parti­
tion. The second order neurons of the cochlear nuclei 
divide into two groups --contralateral and ipsilateral 
fibers. The contralateral fibers are initially projected 
from the dorsal cochlear nucleus. These fibers cross the 
midline and ascend on the opposite side to the lateral 
lemniscus. This is the first step of the stronger path­
way. Through a series of synapses the contralateral 
fibers eventually reach the auditory cortex in the hemi­
sphere contralateral to the organ of Corti from which 
they originated.
The ipsilateral group of fibers are traceable 
from the dorsal and ventral cochlear nuclei and terminate 
in synapses at the ipsilateral superior olivary nucleus. 
They ascend and eventually synapse with the auditory
5
cortex in the cerebral hemisphere which is on the same 
side as the organ of Corti from which the fibers 
originated.
The third order neurons arise from the superior 
olivary nucleus contralateral to their termination and 
at this point join with the ipsilateral fibers from that 
side to form the ascending tract known as the lateral 
lemniscus. As these fibers ascend, they pass through 
the nucleus of the lateral lemniscus thence to the 
inferior colliculus where the majority of these lemniscal 
fibers terminate. The inferior colliculus is a large, 
tonotopically organized nucleus. The next station is 
the inferior quadrigeminal brachium from which the fibers 
ascend and terminate in the medial geniculate body.
This medial geniculate body constitutes the auditory 
portion of the thalamic nuclei.
From this medial geniculate body the fourth (and 
higher) order neurons project to the auditory cortex, 
which is in the superior convolution of the temporal lobe.
The function of ipsilateral pathways and contra­
lateral pathways is at this time not clearly understood. 
Animal studies by Rosenzweig (1954; 1951), Tunturi (1946), 
and certain psycho-neurological evidence from dichotic 
experimentation (Sparks and Geschwind, 1968; Milner et al.»
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1968), would lead us to believe that it is the contra­
lateral pathway which is the stronger of the two. Thus, 
the impulses from one cochlea may be carried to both 
hemispheres of the brain by way of its contralateral 
and ipsilateral pathways.
An early study by Woolsey and Walzl (1942) found 
only slight differences between the two tracts with the 
evoked response being somewhat smaller in the ipsi­
lateral pathway. Tunturi (1946) and Rosenzweig (1951) 
found a greater amplitude of evoked cortical response 
from the contralateral pathway. A later study by 
Rosenzweig (1954) correlated cortical responses of cats 
with sound localization. When a click was delivered to 
only one ear of the cat, cortical responses could be 
obtained in either hemisphere, but the response in the 
contralateral hemisphere had a greater amplitude. The 
great bulk of physiological research has indicated that 
the contralateral pathways are the stronger of the two.
A different kind of information on transmission 
was reported by Ades and Brookhart (1950), who found that 
the latency differences at the level of the inferior 
colliculus were such that the contralateral pathway 
seemed to have a more rapid transmission time. The 
contralateral pathway has fewer synapses, more fibers,
7
and is better myelinated which may account for this 
faster transmission.
Auditory Functions of the Cerebral 
Hemispheres
The anatomical studies of Bonin (1962) supported 
the generally accepted idea that the two hemispheres 
have only slight anatomical differences. However, a 
more recent study by Geschwind and Levitsky (1968) has 
revealed important anatomical asymmetries between the 
human right and left temporal lobes. The data were 
compiled from 100 adult, human, non-pathologic brains 
obtained at postmortem. The left planum temporale, 
located just posterior to Heschl's gyrus, was larger on 
the left in 65 percent of brains and on the right was 
larger in only 11 percent. The planum temporale con­
tains the auditory association cortex, commonly referred 
to as Wernicke's area. The importance of this area to 
language function has been consistently reported. A 
review of pertinent clinical literature and experimental 
studies will illustrate the striking functional differences 
between the two hemispheres. The neurophysiological 
animal studies previously reviewed have been important 
in the mapping of the auditory neural pathways to the 
brain. However, these studies are of little value in
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providing information regarding functional differences 
of the two hemispheres --processing and executive func­
tions for verbal vs. non-verbal materials. It is in 
cerebral functioning that m a n ’s brain suggests inter- 
hemispheric organization which is a dramatic departure 
from the symmetrical arrangement found in animals. 
Asymmetry is shown to exist in several forms, each 
hemisphere may have major responsibility for execution 
of certain verbal functions while the opposite hemisphere 
plays an insignificant or minor role.
Clinical observations.--As early as 1836, Mark 
Dax observed that aphasia resulted from lesions to the 
left hemisphere and his observations were subsequently 
confirmed by Broca (1861) , Bastian (1898) , Wernicke 
(1874) , and Jackson (1932). The false assumption was 
made in the early nineteenth century that if a right- 
handed individual had a lesion of the left hemisphere 
causing aphasia, then a left-handed individual would be 
stricken with aphasia as a result of right hemispheric 
lesion. More recent reports and compilations of case 
histories by Penfield and Roberts (1959) and Russell and 
Espir (1961), indicate that regardless of handedness the 
great majority of individuals are left hemispheric 
dominant for language while the right hemisphere normally
9
plays a very minor role in language functions. The 
inferred lateralization of speech function seems to be 
less clear in sinistrals. Russell and Espir (1961) and 
Benton (1965) citing a study of Conrad, also conclude 
that left-handed individuals show a lesser degree of 
cerebral specialization than do dextrals, and especially 
a less firm lateralization of the mechanism governing 
speech. The role of the right hemisphere in the 
mediation of non-verbal activities has not been as 
clearly confirmed.
Experimental studies of clinical subjects.--A 
number of studies originating at the Montreal Neurological 
Institute have given support to the functional asymmetry 
of the hemispheres (Kimura, 1961 and 1964; Milner, 1962). 
They employed a technique borrowed from Broadbent (1954) 
in which auditory verbal stimuli could be presented 
simultaneously to the two ears, putting the pathways 
from the two ears into competition. Kimura (1961) used 
this dichotic testing to study 65 epileptic patients,
30 with left temporal lobe lesions, 16 with right temporal 
lobe lesions, 9 with frontal lesions, and 10 whose lesions 
were sub-cortical. Different digits were simultaneously 
presented to the two ears, a sequence of three digits to 
the right ear and three digits to the left ear. She found
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that left temporal lobe epilepsy subjects obtained 
significantly lower total scores than did all of the 
other subjects. This group had a significantly lower 
score in the ear contralateral to the lesion, that is, 
the right ear, whereas the score for the left ear 
ipsilateral to the lobectomy was not significantly 
lower.
Milner (1962) used the Seashore Test of Musical 
Talents with 38 patients having temporal lobe lesions. 
She reported that post-operative differences in right 
temporal lobe vs. left temporal lobe subjects were quite 
apparent. On all of the sub-tests, pitch, loudness, 
rhythm, time, timbre, and tonal memory, the right 
temporal lobectomy cases showed a considerable increase 
in the mean number of errors following their surgery as 
compared with their pre-operative scores. The left 
hemispheric subjects showed only minor increases in 
error over their pre-operative scores. These data were 
interpreted as showing that the right hemisphere makes a 
greater contribution than the left in a non-verbal 
auditory task.
A somewhat different test was devised by Katz 
(1962). This staggered Spondee Word Test (SSW) presents 
spondee words to the subject in a competing message
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technique which employs bilateral and partially over­
lapping spondaic words. The words are presented to the 
subject in this time order:
The right ear cow boy
The left ear raw hide
The word "cow" comes to the right ear alone, then the 
words "boy" and "raw" come simultaneously to the right 
and left ears, respectively, then the word "hide" comes 
to the left ear alone. His results confirmed those of 
Kimura and others showing that with temporal lobe sub­
jects, the perception of the overlapping or dichotic 
signals was seriously affected.
Milner et a l . (1968) used the dichotic digits test 
with seven patients having complete midline section of 
the cerebral commissures, including the corpus callosum, 
the anterior and hippocampal commissures, and in two 
cases the massa intermedia. These procedures were done 
in order to control severe convulsive disorders. Five 
of these subjects obtained near zero scores for the left 
ear and reported that they could hear nothing in that ear 
even though they expected to hear numbers in both ears.
The remaining two subjects achieved scores for the left 
ear of approximately one-third the Tight ear score. In 
contrast to these dichotic scores, under monaural
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conditions (non-competitive stimulus to one ear at a time) 
these commissurotomized patients correctly reported 87 
percent of the numbers presented to the left ear and 90 
percent of those channelled to the right ear. The re­
sult may indicate that the ipsilateral pathway to the 
left or speech dominant hemisphere was utilized. The 
striking evidence given by this experiment is that in 
the dichotic situation there is a near complete sup­
pression of ipsilateral input in the presence of a 
competing stimulus from the contralateral ear. This would 
seem to provide clear behavioral evidence of the dominance 
of the contralateral auditory projection system in man.
A patient having the same surgical procedure as 
described above, i.e., complete section of the neocortical 
commissures was studied by Sparks and Geschwind (1968). 
They used competing digits and competing familiar animal 
names as well as several other auditory tests under 
varying conditions. Results with this one patient on the 
digits and animal names showed a 100 percent extinction 
to the left ear whereas the right ear yielded perfect 
scores. A repeat test, given one week later, yielded 
the same scores and in a third re-test given immediately 
after the second, with instructions to attend to the left 
ear, the patient then scored 35 percent correct with his
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left ear. This improvement in left score was interpreted 
to suggest that by specific practice the left temporal 
lobe may eventually begin to separate out messages enter­
ing via the weaker ipsilateral pathway in dichotic 
listening. The investigators offered these data as 
evidence that the callosal pathway from the right to left 
temporal lobe may be more important in dichotic listening 
tasks in normals than the ipsilateral pathway from the 
left ear.
Experimental studies using normal subjects.- - 
Kimura (1964) used a competing auditory stimulus test 
with 20 normal right-handed subjects. This test used 
two competing melodies presented dichotically. The sub­
jects had been pre-trained with four chamber music 
selections so that they could be identified when pre­
sented non-competitively. When presented in competition, 
that is, dichotically, the subjects achieved greater 
scores for the left-ear melodies than they did for those 
selections presented to the right ear. She also used 
digits presented dichotically and found a better right - 
ear performance. Her findings were interpreted as sup­
porting the theory that the right hemisphere plays a 
greater role in non-verbal acoustic mediation and the 
left hemisphere has the primary role in verbal acoustic 
mediation.
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Dirks (1964) used the dichotic digits tape de­
scribed above as well as dichotically presented low-pass 
filtered PB-50 words. His results confirmed those of 
Kimura in that a better report from the right ear of his 
subjects was statistically significant for both dichotic 
verbal tasks.
A further exploration of the differences in 
recognition of verbal and non-verbal material was done 
by Curry (1966). Strings of digits and non-speech 
materials (environmental sounds) were presented dichotical­
ly. His results showed a "right-ear effect" for verbal 
and a "left-ear effect" for non-speech sounds.
The above studies involved "over learned" and 
decidedly unbalanced phonetic materials. Technical 
shortcomings were noted in these tapes such as dis­
crepancies in signal onsets (they were not truly 
simultaneous), poor signal-to-noise ratios, and unequal 
amplitude of signal strength. A more stringent, thus 
more competitive task for simultaneous testing would in­
volve materials which would be quite similar, e.g., 
differing on only one phonetic or distinctive feature 
dimension. The studies cited below used technically 
superior tests.
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Chaney and Webster (1966) used sonar sounds vary­
ing along the five dimensions of inflection, duration, 
frequency, source, and quality. These same dimensions of 
the sonar sounds were used to vary the speech sounds /a/ 
and /i/ which had been produced synthetically. Speech 
stimuli delivered to the right ear were responded to 
faster and sonar sounds delivered to the left ear were 
responded to faster than when they were presented to the 
opposite ears.
Probably the most carefully assembled test materials 
were those used by Shankweiler (1967) . The greatest 
technical problem in generating dichotic stimuli is 
achieving simultaniety of the signal onsets. A two-tract 
tape loop with movable playback heads permitted the onsets 
of the stimuli to be accurately synchronized, thus, the 
competitiveness of the items was optimum. He used 
nonsense syllables (consonant-vowel combinations), having 
initial consonants of the same class, i.e., the stops of 
the English language. The "right-ear effect" was 
significant and the confusions were analyzed in error 
matrices. A second study used six steady state vowels.
In the CV study, when initial consonants were contrasted, 
there was a 16 percent right-ear effect. In the next 
study, when the vowels were contrasted, there was a slight
16
but statistically insignificant right-ear effect. The 
evidence from these studies has been interpreted by 
Liberman (1967) as being indicative that consonant 
information is processed in the left hemisphere. The 
locus of vowel perception may not be the same and perhaps 
is handled on some lower level, as are pure tones, or by 
the right hemisphere. In his review of the Haskins 
Laboratory research, Liberman suggested that perhaps the 
formant transitions are the main cues in perception of 
the stops, since it is the transitions in /ba/, /da/, 
and /ga/ which are the distinguishing acoustic dimensions 
among these sounds. The speech perception experiments using 
synthetic vowel materials suggest that these phonemes are 
perceived along a continuum just as are pure tones, i.e., 
non-speech sounds. Perhaps the more "speech-1 ike" are 
the transitions, the more participation of the hemisphere 
of speech dominance. The vowel sounds may depend more on 
lower centers or perhaps the right hemisphere for their 
perception.
In a pilot study for the present investigation, 
Berlin et al. (1968a; 1968b) used CVC's and CV's. The 
CVC's were monosyllabic words which differed only in the 
initial consonants. The CV's were nonsense syllables 
whose initial sounds were the stop consonants. Thirty-
17
eight normal subjects participated in the study and re­
sults showed a slight right-ear effect for the mono­
syllabic words which was not statistically significant 
but for the nonsense syllables a significant right-ear 
effect was elicited. The tapes had careful control of 
onset times, i.e., ± 1 1/2 msec, and amplitudes of sig­
nals were within 2 dB with a signal-to-noise ratio 
> 30 dB.
These original findings have indicated support for 
the validity of dichotic testing as a means of assessing 
hemispheric dominance but more importantly, the improved 
technical control in fabrication and analysis of these 
tests allows the author to pose more precise questions.
Auditory response to time-staggered stimuli.- - 
Most of the work in dichotic testing using speech materials 
has been concerned solely with the question of laterality 
effect. The perceptual effects of time-staggering of 
acoustic signals have been studied by other investigators 
but the stimuli used were non-speech signals such as 
clicks and coherent tone bursts. By varying the time of 
onset and/or the intensity of clicks or tones, a subject's 
lateralization of the stimulus will be affected. These 
binaural interaction effects have been studied by Babkoff 
and Sutton (1966), Hirsh and Sherrick (1961) , B6k6sy
18
(I960), and Rosenzweig and Rosenblith (1950), among others. 
Their general findings were that if the stimuli are identi­
cal at the two ears, the subject will report hearing a 
single sound, "in the middle of the head," but if one signal 
is slightly more intense or is slightly earlier in time, 
lateralization will be shifted toward the ear of the more 
intense or the earlier, i.e., lead signal.
Hirsh and Sherrick (1961) had reported that with 
normal subjects, SO to 60 msec must separate the two 
stimuli before the subject can identify the correct order 
in which they occurred. The studies of Efron (1967; 1963a; 
1963b; 1963c) were addressed to this problem of temporal 
sequence judgments in patients with temporal lobe lesions. 
Efron's results with temporal lobe cases showed that the 
time separation interval required for correct report was 
always considerably longer than for normals and often as 
much as 1 sec separation was required. The relationship 
of this defect in auditory sequencing to aphasia is still 
not clearly understood. It may be another dimension of 
defective understanding of language which has been con­
sistently associated with a defect of temporal processing.
The time/intensity trade studies mentioned above, 
provide interesting correlative and/or contrastive data
19
for comparison in this investigator's study of time- 
staggering of speech materials.
Short Term Memory Function in 
Speech Perception
When the dichotic digits test was first employed 
by Kimura (1961) it was used as a test of short-term 
memory function with temporal lobe patients. The task was 
a valid measure of memory deficit. Looking at her data in 
a different way, she found that by scoring the tests 
according to ear report, the ear contralateral to the 
damaged lobe did more poorly. Having made this observa­
tion she then reasoned that since normals are generally 
left-dominant for language function, perhaps their left 
ear scores (being contralateral to the non-dominant side) 
would be poorer. This effect has been consistently re­
ported in the literature.
The dichotic digits test used in many of these 
studies was devised originally by Broadbent (1954) . He 
used this technique of dichotic verbal stimulation as a 
means of testing his working hypothesis on memory storage 
systems. In this test competing spans of digits are 
presented to the two ears. His subjects recalled all the 
stimuli presented to one ear before reporting the second 
set. The second set was subject to more errors of report.
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Broadbent concluded that this supported his belief that 
spatially separated words (that is, conducted on separate 
pathways), pass through the perceptual mechanism succes­
sively rather than simultaneously. In describing the 
mechanism of memory responsible for these results,
Broadbent (1958) used the designations "P-System" and 
"S-System." The P-System can only pass information 
successively and the S-System can store excess informa­
tion arriving, for example, when the P-System is occupied 
in transmitting information from another channel. In the 
simultaneous digits test, the first recalled digits were 
passed directly through the P-System but the set from the 
opposite ear, had spent some time in the S-System before 
being reported. Inglis (1965; 1962) challenged Kimura's 
newer interpretations of the dichotic test data. He 
postulated that it was a defect of short-term memory 
storage rather than a compromise of auditory perception 
that caused the results. He reasoned that in order to 
interpret the results of these experiments, order of report 
must be accounted for as well as the total ear scores.
The first recalled digits pass directly through the P-System 
and the second half span of digits spend more time in the 
S-System before being reported. Because the latter group 
would be subject to trace decay, Inglis concluded that it
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is the storage rather than perception which was the main 
cause of errors.
Wilson et a l . (1968) investigated Inglis* hypothe­
sis by using three conditions of testing. Subjects were 
first asked to report what they heard in response to 
dichotic stimuli. In the second condition they were told 
to respond to right ear presentations first (right bias) 
and in the third condition they were asked to respond to 
the left ear stimuli initially (left bias). In the first, 
or unbiased condition, there was a tendency for more 
correct responses from the right- than from left-ears.
In the biased conditions, the results always favored the 
ear of the instructed bias.
Miller and Nicely (1955) performed a classic 
experiment which demonstrated that errors listening to 
noisy and masked signals cluster around place confusions 
rather than voiced/voiceless confusions. More recent 
studies by Conrad (1964) and Wickelgren (1966) have re­
lated short-term memory to the recall of verbal stimuli.
In their error matrices it can be seen that intrusions of 
error tend to have a vowel or consonant phoneme in common 
with the correct item. According to Wickelgren*s 
phonemic-coding hypothesis;
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This indicates that the internal representative of 
a (verbal) item in short-term memory (STM) is not 
a single element, but a set of internal represen­
tatives of the phonemes composing the item. The 
phonemic-coding hypothesis permits partial for­
getting of an item and accounts for the phonemic 
similarity of intrusions to the correct item.
(1966, p.388)
Such dimensions, then, as place and manner of 
articulation, might have representation in such a 
phonemic-coding.
A study by Conrad (1964) used spans of spoken 
letters of the alphabet in a short-term memory experiment. 
He found that substitutions in recall were systematic and 
predictable. His interpretation of these data was that 
substitutions were not "guesses," but were perceptions 
which were only partially erased by short-term memory 
trace decay. In his discussion he refers to a functional 
description of forgetting which was outlined by Brown 
(19S9) in terms of information theory. Brown associates 
decay of memory trace with a fall in the signal-to-noise 
ratio. His illustration is that of a letter chalked on a 
blackboard which becomes increasingly smudged. Some 
smudging leaves the letter legible because it starts with 
internal redundancy, however, further smudging makes it 
difficult to read. Conrad carries this visual trace decay 
analogy into acoustic confusion phenomena. He points out 
that although with some amount of smudging a letter is
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visually legible, in acoustic input of stimuli even slight 
smudging, if done systematically, will yield systematic 
output changes. For instance, slight distortion by noise 
of one consonant within a class will probably evoke a re­
sponse within that class--one feature being different 
(e.g., /d/ would be confused for /b/).
Miller (1956), in his interesting treatise on the
"Magical Number Seven," demonstrates that the span of
absolute judgment and immediate memory allow a limited
amount of information to be received, processed, and
remembered. He divides units of information into bits and
chunks. Each chunk comprises several bits, thus, a memory
span of five monosyllabic words may contain 15 bits of
information as most monosyllables contain three phonemes.
Miller points out that:
Since the memory span is a fixed number of chunks, 
we can increase the number of bits of information 
that it contains simply by building larger and 
larger chunks, each chunk containing more infor­
mation than before. (19S6, p.92)
In the experiment to be herein reported, the 
distinctiveness of the "bits" is determined by place and 
manner of articulation.
Most dichotic experiments to date have used digits 
and other phonetically unrelated material as test stimuli. 
Because of the specificity of the test items to be used in
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the experiment to be herein reported, a more precise 
analysis of the dimensions of listener report can be made. 
The use of consonant-vowel (CV) materials whose consonants 
are the stops of the English language, allows the experi­
menter to look at discrete dimensions of acoustic percep­
tual confusions.
Summary
The literature selected for review in this chapter 
was discussed in three sections: The Auditory Pathways,
Auditory Function of the Cerebral Hemispheres, and Short 
Term Memory Function in Speech Perception. These three 
major aspects of auditory function in man are amenable to 
further study with the research to be reported in this 
paper.
It is hoped that these data will enrich our 
theoretical understanding of the neural transmission of 
competing signals, the perception of these stimuli and the 
possible influence of short-term memory storage on 
listeners' response to these tests.
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CHAPTER III 
DESIGN OF THE INVESTIGATION
The Questions
I. How do normal listeners perceive simultaneous 
dichotic and monotic presentations of consonant-vowel (CV) 
nonsense materials?
II. Is there a pattern which emerges in their r e ­
sponses as the stimuli are time-staggered?
I. Perception of Dichotic and Monotic Simultaneous 
St imul1
A. Dichotic simultaneous mode
1. Is there a difference in right/left ear 
report in normals when dichotic stimuli 
are presented?
2. Is there a pattern to the errors in the 
responses?
a) Does this pattern relate to the manner 
of articulation (i.e., voiced/voiceless) 
of the initial consonants?
b) Does the pattern relate to the place of 
articulation (i.e., labial, apical, or 
velar) of the initial consonants?
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B. Monotic simultaneous mode
1. Is there a difference in right- and left-ear 
report when simultaneous stimuli are pre­
sented monotically to these same listeners?
2. Is there a pattern in the errors?
a) Does the pattern relate to the distinc­
tive feature of voicing?
b) Is this pattern related to place of 
articulation?
II. Perception of Simultaneous vs. Time-Staggered Stimuli
A. Dichotic time-staggered stimuli
1. Is there a tendency for increase or decrease 
in errors in response to systematically time- 
staggered stimuli as opposed to simultaneous 
presentations?
a) Is there a critical time separation 
factor optimizing correct perception of 
dichotic materials?
b) If there is a critical time factor for 
optimal report, is it the same for both 
ears?
2. If time separation of the stimuli affects 
perception, is it the lead or lag signal 
which is more often perceived correctly?
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3. Do the right- and left-ears show comparable 
lead/lag curve functions?
4. If systematic response patterns related to 
time separation and/or lead/lag positions 
occur, are they related to distinctive 
features?
B. Monotic time-staggered stimuli
1. Is there a tendency for increase or decrease 
in errors as stimuli are separated in time?
a) Is there a critical time separation for 
optimizing correct report?
b) If such a time factor exists, is it the 
same for both ears?
2. Is there a tendency for more correct responses 
to the lead or to the lag stimulus?
3. Do the right- and left-ears show comparable
lead/lag curve functions?
4. Is there an error pattern relating to dis­
tinctive features of the competing signals?
Test Battery
Nature of the s t i m u l i -The test battery consisted 
of simultaneous and time-staggered competing natural speech 
nonsense syllables. The stop consonants /b/, / d / , /g/„
/p/, /t/f and /k/, were used with /a/ in CV nonsense
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syllables. The stops /p/, /t/, and /k/ are voiceless, 
whereas their place cognates /b/, /d/, and /g/ are 
voiced. The /b/ and /p/ consonants are labial, /d/ and 
f t f  are apical, and /k/ and /g/ are velar. The paired 
stimuli were recorded such that each of the consonants 
was paired in all combinations, thus, there was a total of 
15 possible pairs. The syllables chosen were judged 
correctly 100 percent of the time by a panel of monaural 
listeners.
Construction of the tests.--Primary recordings 
were made in an IAC 1204 sound booth using a Bruel 8 
Kjaer 1/2 inch microphone. The two lists were recorded 
on Channels I and II of an Ampex AG-440 Stereo Tape Re­
corder so that the test stimuli were roughly simultaneous, 
that is, within 50 to 150 msec in onset.
Each roughly simultaneous pair was then dubbed 
onto a two-channel tape loop recording system in which the 
reproduce and record heads of the two channels could be 
moved with respect to each other. (This system was fabri­
cated by the Audio Instrument Company but is not recom­
mended for general use because of delivery and performance 
problems.) The stimulus pairs were monitored on a storage 
oscilloscope and the distance between reproduce heads was 
adjusted until the onsets met our 2.5 msec criterion. The
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onset of the stimuli was defined by the small noise 
bursts which correspond to the initial plosion of the 
stop consonant. Once the criterion of simultaneity was 
met, a Polaroid picture was taken to provide a permanent 
record of the time relationships and the pair was re­
corded onto a storage recorder.
The peak intensities of the signals were monitored 
and equalized throughout these recordings. The inter- 
and intra-stimuli variability is within ± 2 dB and the 
signal-to-noise ratio was better than 30 dB. The measures 
of signal-to-noise ratio and signal amplitude were ob­
tained with a Bruel 5 Kjaer 2305 Sound Level Recorder.
Because the equipment used to time-stagger the 
stimuli allowed only the signal in Channel I to lead, 
the stimulus pairs were recorded in two "orders," i.e., 
each list was recorded on both Channel I and Channel II. 
These two orderings of the paired stimuli then permitted 
the study of all possible phonemic aspects of time- 
staggering, and added an important dimension of balance 
to the data collection.
These master tapes of simultaneous C V ’s were then 
used to fabricate the final tests which are the simul­
taneous pairs, and four conditions of time-staggering.
The time conditions of these tapes are: 0 msec separation,
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and separation of onsets at 15, 30, 60, and 90 msec, 
respectively (Appendix 2). The procedure used was to 
dub the master tape from an Ampex AG-440, one stimulus 
pair at a time, onto the dual track tape loop, monitor 
the output on the storage oscilLoscope, and adjust re­
produce head positions until the stimuli were spaced at 
the appropriate distance in msec. A third tape recorder, 
an Ampex PR-10 which had been tested for compatibility with 
the Ampex AG-440, was then used to record the stimulus 
pairs. The amplitudes of signals were monitored on a 
Bruel § Kjaer Graphic Level Recorder. Several samples 
of each pair were made so that any unacceptable items 
which may have occurred in this process (due to electronic 
or mechanical variability of the system) could be replaced. 
These tapes were then marked, cut and spliced to tape 
leader and then assembled into final test form. Five 
randomizations were made up for each of the tests (Appendix 
4). This procedure is arduous, and not recommended for 
future experiments of this type if computer-controlled 
stimulus preparation is available.
Test Administration 
Equipment.--The subjects were seated in an IAC 
sound room for the tests. Stimulus presentations were 
made via two sets of Telephonies TDH-49 headsets, matched
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within t 1 dB between 100 and 4,000 Hz. These headsets 
were attached to a "listening buss" driven by a Dynaco 
Stereo Amplifier, Model 120A. Input to this power 
amplifier was from an Ampex AG-440 Tape Recorder through 
an audio mixing network which provided the appropriate 
line termination and level control. This mixing net­
work was fabricated from Analog Devices, Model 106 
Operational Amplifiers.
Subjects.--Twelve young, adult, females served as 
subjects and met the following criteria:
1. Had no history of head trauma, neurological 
or hearing disorders.
2. Were between 20-30 years of age.
3. Were right-handed.
4. Were native speakers of English and were 
essentially monolingual.
5. Had no training in phonetics.
6. Had no experience in dichotic or similar com­
plex listening tasks.
Each candidate's hearing was initially screened 
with sweep frequency pure tone audiometry. If hearing 
thresholds were 20 dB or better, the potential subject 
was given B€k&sy audiometric work-ups to obtain continuous 
tracings from 250 to 10,000 Hz ISO. The criterion for
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normal hearing was 10 dB or better threshold in both 
ears.
Hearing discrimination function was then deter­
mined by a PB-50 test presented at 75 dB SPL using split 
lists, monaurally. A score of 96% or better was passing.
Testing p r o c e d u r e s -The twelve subjects were 
tested in six groups of two. The tape recorded instruc­
tions (Appendix 5) explained that the listening experi­
ment would entail the presentation of competing nonsense 
syllables through the earphones. The subject first heard 
these stimuli dichotically, that is, one syllable in one 
ear and a different but rhyming syllable in the other ear. 
The subject was no1- to be concerned with which ear got 
which stimulus but merely to record what she heard. In 
the monotic test session, the instructions were that two 
competing syllables would be delivered to the right ear 
only and then these paired items would be presented to 
the left ear only. Following the instructions, sample 
items were given for both dichotic and monotic conditions.
In the actual tests the subjects were asked to 
check off their responses on a multiple choice answer 
form (Appendix 6). The tests were administered to two 
subjects at a time and a "yoked pair" design was used, 
i.e., when was receiving Channel I in his right ear,
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S 2 was receiving Channel I in his left ear. Any possible 
intermittent signal distortions could not then exaggerate 
nor conceal true laterlity effects. A warning phrase 
("This is Channel I, point to the ear in which you hear 
me; this is Channel II, point to the ear in which you 
hear me.") at the beginning of each test tape allowed a 
final check for proper channel-to-earphone delivery.
In summary, the test consisted of 15 paired items 
which had been recorded in five randomizations and were 
administered as follows:
A. Dichotically
1) Channel I to the right ear; Channel II 
to the left ear, ; vice versa S 2 .
2) Channel I to the left ear; Channel II 
to the right ear, ; vice versa S 2 .
3) Same as condition 1 above but with lists 
reversed in Channels I and II.
4) Same as condition 2 above but with lists 
reversed in Channels I and II.
B. Monotically
1) Channels I and II to the right ear, Sj; 
vice versa S 2 *
2) Channels I and II to the left ear, S ^ ; 
vice versa S2 .
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3) Same as condition 1 above but with lists 
reversed in Channels I and II.
4) Same as condition 2 above but with lists 
reversed in Channels I and II.
The above listening modes were used through five 
stimulus onset times: simultaneous, and the four time-
staggerings of 15, 30, 60, and 90 msec separation. As 
mentioned above, the syllable pairs had been recorded 
into five randomizations in order to reduce learning of 
syllable orders. In conditions 3 and 4, the lists of 
C V ’s were reversed so that each syllable had an opportunity 
to appear an equal number of times in both lead and lag 
posit ions.
Each subject was given a total of 40 tests: five
stimulus onset times through four listening conditions in 
both the dichotic and monotic modes. A chart of the order 
of presentation and test randomizations appears in Appendix
7. It is to be noted that this presentation design 
allowed the results to be analyzed for any possible 
"order effects" of presentation, as each of the six 
groups was given a different order of the randomizations 
through the four listening modes and five time orderings.
The total time required for history taking, pre­
testing, instruction and the actual experiments was
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approximately five hours. This included two 15 minute 
rest periods. The 15-item tests are 1 1/2 minutes each 
in duration, thus, while total data collection time per 
subject was 60 minutes, preparation and execution took 
the other four hours. Subjects were paid $1.50 an hour 




A difference of 9-to-16 percent between ear scores 
in dichotic tests has been consistently reported in the 
literature. The results of the pilot study (Berlin et al., 
1968) predicted that a right ear effect would be evoked in 
this experiment, therefore, a p of .05 or smaller would be 
accepted as a significant difference between ears.
I. Perceptual Response to Simultaneous 
Dichotic and Monotic 
Presentations
Simultaneous dichotic CV's.--The mean raw score 
for right ear responses was 43, while the mean raw score 
for left ear responses was 35. This difference in ear 
report was statistically significant (p <.02) and is a 
confirmation of the often reported right ear laterality 
effect in dichotic listening tasks.
This study and its pilot study both showed a pre­
ponderance of correct responses to voiceless over voiced 
CV's. In Table 1 the consonants are ranked according to
correct response and grouped according to manner and place 
of articulation for right and left ears. It should be
TABLE 1 -Simultaneous Dichotic Tests*. Rank-order of correct report of CV’s
according to manner and place of articulation for each ear.
Manner









Velar KA 113 99 212 94 82 88
Bilabial PA 105 89 194 87 74 81
Apical TA 87 70 157 72 58 65
x = 84 71 78
Voiced Velar GA 95 74 169 79 62 70
Bilabial BA 56 50 106 47 42 44
Apical DA 57 42 99 47 35 41
x = 58 46 52
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noted that there was a mean correct response of 78 per­
cent to voiceless consonants and only a 52 percent 
correct identification of voiced onset C V ’s. Table 1 
also shows systematic data on place of articulation.
For both voiceless and voiced onset CV's the velars 
(/ka/ and /ga/) were most often correctly reported, the 
bilabials C/pa/ and /ba/) were next in order of correct 
perception and the least often correct were the apicals 
(/ta/ and /da/).
The total response matrices for the 12 subjects 
in the simultaneous dichotic listening mode are shown in 
Appendix 8.
In summary, listening to speech in the dichotic 
simultaneous condition evoked a right ear effect but 
there was an even stronger effect in the perception of 
voiceless consonants over voiced onset syllables. These 
data validate two earlier studies carried out in this 
laboratory, the previously mentioned Berlin el al. (1 9 6 8 a) 
study and a subsequent experiment using synthetic speech 
(Willett, 1969).
Simultaneous monotic CV's.--The response matrices 
for the simultaneous monotic mode for right and left ear 
presentations are found in Appendix 8. The mean percent 
correct for the right ear was 56 percent and for the left,
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54 percent. There was no special "ear effect" in this 
listening mode.
Table 2's analysis of the responses according to 
manner and place of articulation shows that 64 percent 
of voiced items were correctly perceived in contrast to 
only 47 percent of the voiceless onset CV's. This dif­
ference is a departure from the "voiceless effect" seen 
in the dichotic data. Furthermore, there was not the 
same pattern in the rank-order of responses categorized 
by place of articulation. The CV /ga/ was very accurately 
reported (97 percent correct). The other consonants in 
order were: /ka/, /ba/, /ta/, /da/, and /pa/. Both
velars, /ga/ and /ka/, were well perceived, but there 
was no distinct pattern of response to the other CV’s as 
was seen in the dichotic tests.
In summary, it was found that in the simultaneous 
monotic listening mode more voiced than voiceless con­
sonants were correctly perceived. As was the case in 
the Willett (1969) study using real and synthetic CV's, 
the velars /ga/ and /ka/ were most often correctly re­
ported and /pa/ was the least intelligible.
Discuss ion
In the two simultaneous listening modes, dichotic 
and monotic, verification was obtained for earlier findings
TABLE 2.--Simultaneous Monotic Tests: Rank-order of correct report of CV's









Velar KA 71 69 140 59 S7 58
Apical TA 57 59 116 47 49 48
Bilabial PA 40 43 83 33 36 35
x = 46 47 47
Voiced Velar GA 115 117 232 96 97 97
Bilabial BA 65 63 128 54 52 53
Apical DA 57 41 98 47 34 41
x - 66 61 64
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of experiments generated in this laboratory. The 12 
subjects used in this experiment demonstrated, as did 
the 58 subjects previously tested in the two earlier 
studies, a right ear laterality effect in dichotic 
listening and no ear effect in monotic listening. The 
second significant finding amongst all our subjects was 
that in dichotic tests when two competing consonants 
were unvoiced and voiced, it was the voiceless stimulus 
that was most often perceived correctly. Monotic listen­
ing results showed more correct voiced responses.
Dichotic r e s u l t s -The overall right ear laterality 
effect has been attributed to the primacy of the crossed 
auditory pathways. This allows more effective trans­
mission of the right ear stimulus to the left (and 
language dominant) hemisphere. The voiceless/voiced 
effect is harder to explain but may be clarified after 
analysis of the second experiment. It is well documented 
in speech intelligibility studies that correct identifi­
cation of CV's is dependent upon that portion of the 
acoustic signal referred to as the "transition into the 
second formant of the vowel." This portion of the CV is 
evidenced on spectrograms as a continuous pattern of rapid 
changes in frequency which occurs as the speaker's articu­
lators move from the consonant into the more steady state 
portion of the vowel.
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The boundary between aperiodic and periodic por­
tions of the CV, as seen on oscillographic tracings, is 
not to be confused with the above described transition of 
these utterances. This does not, however, negate the 
possible importance of this boundary as a critical factor 
in identification of competing CV's. Indeed, the 
theoretical question should be raised: "Is this boundary
(a distinct period of change within the stimulus) of 
similar importance to the perception of competing stimuli 
as is the transition (also a period of change) for 
monaural identification of C V ’s?"
The contrast at this period in the CV may very 
well serve as a stimulus for attention focusing.
Monotic results -The simultaneous monotic listen­
ing results again reconfirm findings reported earlier in 
studies done at this laboratory. There was no difference 
between right and left ear report of monotic stimuli.
More of the voiced CV's were reported correctly than were 
voiceless CV's. This is in contrast to the dichotic re­
sults. Perhaps this can be accounted for by peripheral 
masking effects.
Several generalizations regarding peripheral 
masking should be stated. Given equal At's and equal 
intensity, a low frequency sound is usually effective as
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a masker of a higher frequency sound. Loudness percep­
tion is a function of the interaction of intensity and 
duration of the travelling wave as it traverses the 
basilar membrane. Just under 1 msec is required for the 
wave to travel from the base to the apex. When two 
bursts are simultaneously delivered to one ear, the one 
having either the greater intensity, or if the intensities 
are equal, the one having the longer At will be perceived 
as the louder stimulus. The summation or interaction of 
intensity and At account for loudness perception.
Given two competing CV's, one voiced and one 
voiceless, the voiced consonant may effectively mask the 
voiceless since this voiced consonant is of greater 
intensity and overlaps the aperiodic, higher frequency, 
lesser intense, voiceless consonant. Given two voiced 
onset CV's the At factor may be of most importance. If 
the initial bursts, i.e., the aperiodic to periodic seg­
ments are examined on the oscillographic tracings found 
in Appendix 2, it can be seen that /ga/ has the longest 
burst. Its At is 15 msec compared with the 5 msec burst 
of /ba/ and 8 msec /da/ burst. This longer At, thus 
longer stimulation of the basilar membrane, may account 
for its extremely high intelligibility. It may, there­
fore, be an effective masker of competing voiced stimuli.
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As a consequence of its voicing portion over-lapping the 
voiceless consonant, it can also effectively mask those 
competing CV's.
In summary, it would seem that monotic stimulus 
response data generated in this experiment closely re­
semble non-speech monotic data. The matrices seem to 
reflect effects of peripheral masking in contrast to 
the error matrices for dichotic data which seem to be 
related to higher cortical function.
II. Perceptual Response to Simultaneous 
Versus Time-Staggered 
St imuli
Dichotic time-staggered s t i m u l i Inspection of 
Figure 1 reveals three perceptual phenomena that were 
operant in listening to dichotic time-staggered CV's. 
First, right ear scores for both lead and lag stimuli 
were consistently higher than were left ear scores for 
lead and lag listening. The right ear achieved an overall 
12 percent greater score in the lead position and a 7 
percent better report for lag stimuli. These differences 
were greatest at the 15 and 30 msec staggers but were con­
siderably diminished by 90 msec.
The second generalization that may be drawn is 
that in time-staggered tests, lag scores consistently 
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This is the so-called "lag effect."
The third observation that can be made from these 
data is that the two ears showed a different degree of 
improvement in scores in the lag position. The right 
ear scores were higher than the left ear scores at 0 
onset. With the subsequent intervals of separation, this 
superior report was maintained and is statistically 
significant at 15, 30, and 60 msec. Though the left ear 
lag scores showed continuous improvement over time, the 
difference between the left lag and right lead scores 
never achieved statistical significance. In fact, the 
left ear lag scores were lower than the right lead scores 
at 15 msec and not until 30 msec did the left lag report 
catch up to the right ear report. The left lag scores 
then became higher than the lead at 60 and 90 msec.
The mean scores for ear report and their standard 
deviations are in Table 3, as well as the results of 
correlated t tests. These statistics show that the right 
ear lag scores were significantly higher than left lead 
scores at 15 (<.01), 30 (<.01), and 60 msec (<.02) and 
approached significance at 90 msec (<.10). The scores 
for each individual subject are tabled in Appendix 9.
In order to assess the possible interaction of the 
right ear effect with the lag effect, the data were plotted
Table 3.-- Dichotic Tests: Means, variances, standard deviations and correlated
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aRight ear better UNo significant difference
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using difference scores. In this way any right ear ad­
vantage that was obtained at simultaneous condition could 
be subtracted from the lag scores when the right ear had 
the lag stimulus. The simultaneous scores for both ears 
were used as reference scores (reference = 0) and the 
lead and lag scores of both ears were then expressed as 
difference scores (plus or minus). Figure 2 illustrates 
these data. This figure shows that the effect of time- 
staggering on both ears, once the initial right ear 
advantage is subtracted, was similar for the two ears at 
15 and 30 msec. Because the absolute scores of the two 
ears were comparable at 60 and 90 msec, the relative 
growth of left ear report looms large on a difference 
score plot.
The above described functions for time-separated 
stimuli were averaged responses to all test items. As 
was noted at the simultaneous condition, regardless of 
ear, voiceless items were perceived over voiced CV's. 
Looking at the individual CV pairings in the time- 
staggered conditions this same effect of voiceless over 
voiced CV's is apparent. Response matrices for time- 
staggered tests are in Appendix 8.
The table of percentage correct for each CV pair 





Figure 2.--Lead/Lag Difference Scores (Right and Left Simultaneous Scores
Used as 0 Reference).
50
as the individual graphs of listener response are in 
Appendix 10. Inspection of these graphs shows that even 
when the stimuli were separated in time by as much as 
60 msec, the voiceless CV was reported correctly more 
often than the voiced CV. This occurred even if the 
voiceless syllable was in the left ear, and even if 
it was in the lead position. This voiceless perceptual 
phenomenon was generally sustained until 60 msec of 
separation, when there was a tendency for the voiced 
onset item to approach equal intelligibility. The one 
exception to this 60 msec "catch-up" of the voiced onset 
CV was in those pairings when the lagging voiced onset 
CV was /ga/. It approached equal intelligibility with 
its competing stimulus at an earlier time-staggering, 
generally at 15 or 30 msec. Finally, it should be noted 
in voiced/voiceless pairings that when the right ear had 
a voiced item it usually had higher scores at an earlier 
time condition than when the left ear had voiced items.
There was then, an apparent interaction of the 
four factors already pointed out in the data. These 
interacting factors were: (1) ear effect, (2) general
lag effect, (3) greater right ear lag effect, and 
(4) more accurate perception of voiceless over voiced 
consonants.
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To graphically illustrate how these interactions 
affected each individual CV pair, a ratio scaling was 
employed. The derived scores were obtained using the
formula: l°8i2 a<** ^ lo®12 scalinS was used becauseTag
the greatest difference between scores was 12. The re­
sulting linear transformation of scores facilitated the 
plotting of data to show the ratio of lead to lag scores. 
If the lead equaled the lag, the value was zero (because
the logi7 of 1 » 0), if lead = 1 the value was -1, and"Tag TT
if lead = 12 the value was +1. In three instances the "T
scores could not be plotted because a zero response makes 
the data untreatable by this operation. These three data 
points were made note of on the legends of the affected 
graphs.
These derived scores were plotted for each CV 
pair in its four orders of presentation, e.g., for the 





The resulting plots are found in Appendix 11. 
Looking now at voiced CV pairs a less consistent 
trend will be noticed. When /ga/ was coupled with /ba/
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or /da/ it was consistently the most intelligible con­
sonant and, with one exception only, this is evident 
regardless of ear or lead/lag position at all time- 
staggerings. The third voiced pairing was /ba/da/ and 
in this pair /ba/ maintained a superior report regardless 
of ear or lead/lag position. At 60 msec the responses 
for /da/ became competitive but did not achieve equal 
intelligibi1ity.
The three voiceless CV pairs showed a consistent 
lag effect and right ear scores were consistently higher. 
The general recovery function was at approximately 60 
msec. These pairings were more competitive than the 
voiced samples and more nearly parallel to the functions 
of the averaged data for all pairings.
Monotic time-staggered stimuli.--The percent 
correct scores for subjects in the monotic listening 
mode over all time-staggerings are graphically illustrated 
in Figure 3. Inspection of this figure reveals three 
apparent generalizations. First, the lead/lag functions 
for both ears were almost identical; secondly, as the 
stimuli were staggered in time, the leading stimulus be­
came more intelligible; and thirdly, with time-staggering 
the lagging stimulus became less intelligible.
As in the simultaneous monotic condition, when 
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difference; ear functions were virtually symmetrical.
Monotic listening lead scores approached 100 per­
cent identification at 60 and 90 msec. Conversely, the 
lag scores became poorer as the stimuli were separated 
in time. In fact, at 30 msec on through 90 msec listener 
report was less than 20 percent.
Each of these observations supports a peripheral 
masking effect in the monotic mode. Error matrices of 
the individual pairings are found in Appendix 8.
Discussion
Dichotic results.--Four major response patterns 
emerged from these data and there was an apparent inter­
action between these effects. The right ear superiority 
seen at 0 onset undoubtedly remained a perceptual advan­
tage even when the left ear lagged by 15 and 30 msec.
Thus, previous experimenters who allowed as much as 90 
msec delay to be randomly distributed among their so- 
called "simultaneous pairs" might still have expected to 
find a right ear laterality effect.
At 60 and 90 msec absolute scores were virtually 
the same for the two ears in the lagging position. It 
might be concluded that at 60 and 90 msec the lag effect 
was equally advantageous for both ears with no interaction 
of a laterality effect.
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It will be recalled in the simultaneous condition 
that unvoiced consonants were better perceived than voiced 
consonants. A possible explanation for the voiceless 
over voiced consonant perception in the dichotic mode 
emerges here. This study as well as that of Shankweiler 
and Studdert-Kennedy (1969) demonstrated a "lag effect" 
where the lagging dichotic stimulus is better perceived. 
Inspection of oscillographic tracings of voiced/voiceless 
pairs reveals a distinct difference in the temporal 
occurrence of the "boundary" between the aperiodic and 
periodic portions of these utterances when the syllable 
onsets are simultaneous. (The tracings of all stimulus 
items are found in Appendix 2.) These boundaries "lag" or 
occur at a considerably later time for /pa/, /ta/, and /ka/ 
than do the boundaries in the voiced onset syllables /ba/, 
/da/, and /ga/. The aperiodic segment of voiced CV's 
is extremely brief because it occurs only as a result of 
the articulatory release of the stop and the voiced 
articulation of the consonant immediately follows. The 
lagging boundary of voiceless CV's and their ease of 
perception may be linked with a short-term memory 
phenomenon. Short-term memory experiments have consistently 
demonstrated that it is the "last in" stimulus that is 
reported first. The earlier stimuli frequently are
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forgotten or incorrectly identified. The theory is that 
the earlier stimuli are subjected to trace decay while 
in short-term memory or experience interference and thus 
distortion before being reported. If the boundary is a 
significant or critical part of the CV, since this 
stimulus occurs later in time for the voiceless CV's 
(i.e., it "lags"), it is reported first and most accurately.
The individual CV pairs having voiceless items 
competing with voiced CV's showed a better report of the 
voiceless item up to 60 msec separation.
Thus, two types of lag effect are demonstrated 
in these data:
1. The lagging boundary effect which is an 
inherent event within the stimulus, and
2. The lag effect seen at 60 and 90 msec 
separation which was demonstrated equally 
by right and left ears in the lag position.
Monotic results.--In the discussion of simultaneous 
monotic results it was explained that certain stimuli 
effectively masked others. Two peripheral effects are 
demonstrated in the time-staggered conditions. First is 
the precedence effect (Wallach et a l . , 1949). This 
phenomenon has been demonstrated with clicks, speech, and 
chopped tones of approximately equal intensity. When two
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such stimuli are delivered monaurally, if the first pre­
cedes the second by 35 msec, the second is not heard. 
Cortical responses (obtained with surface electrodes) 
to the second click are entirely suppressed at intervals 
of 30 msec or less (Whitfield, 1967). The neural fibers 
of the VTIIth Nerve require 180 msec to recover completely 
from stimulation and approximately 100 msec are needed 
for 80 percent recovery (Finck and Ruben, 1963). Thus, 
the consonant portion of the lagging CV may be unable to 
effectively stimulate the auditory nervous system.
The second apparent reason for the poor lag scores 
in monotic time-staggered tests is again, a peripheral 
masking effect. As the stimuli were separated in time 
the lead signal overlapped the lag signal and masked 
that stimulus. At 60 and 90 msec, lag responses were 
only at the chance level, although at 90 msec there is a 
slight indication of a trend for improvement. Further 
separations in time would have to be introduced to 
determine the time separation at which both lead and lag 




The auditory function in speech processing is an 
area which is still not clearly understood. The working 
hypothesis is that the signals are transmitted to the 
auditory cortex in the superior convolution of the 
dominant temporal lobe. During transfer to the appro­
priate areas of activity in the speech system, compre­
hension takes place. The neurophysiology of this 
psychological experience is yet to be defined. The 
capacity of the normal auditory system to distinguish 
speech sounds and to recognize words has been clarified 
on a molecular level in psychoacoustics and acoustic 
phonetics. However, the more complex perception of 
speech as it exists in language is little understood.
Although there is adequate clinical evidence of 
the specialization of the left hemisphere in speech and 
language function, until recently little experimental 
evidence could be found. An experimental technique which 
may be reliable in assessing dominance for language in 
normals has only recently been devised. This technique
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employs the dichotic presentation of competing messages 
in order to simultaneously stimulate the right and left 
temporal lobes. Results have generally shown that the 
report of the right ear stimuli was superior. This 
rather consistent finding was taken as psychophysical 
evidence of the primacy of the contralateral auditory 
pathway and as evidence of left hemispheric dominance 
for speech.
The present study was undertaken to more care­
fully explore this right ear laterality effect and to 
titrate the effect of time separation on dichotic 
1istening.
Although earlier studies found a right ear effect, 
the difference scores between the ears were usually only 
12 to 16 percent. This small difference between ear re­
port may have been attributed to:
1. Non-precision of test tapes or imperfection 
of the electrical transmission system.
2. A nearly comparable ability of the two hemi­
spheres to handle competing messages.
A group of tapes were fabricated in which onsets
of the competing messages were within ± 2 msec--analysis of 
some tapes used in prior studies had shown that onsets were 
separated by as much as 90 to 150 msec. The stimuli used
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were optimally competitive--CV's differing only in the 
initial consonant and these were all of the same class. 
Other investigators had used digits and verbal materials 
with several linguistic variables. With truly competi­
tive stimuli and a technically superior system of trans­
mission, more objective study could be made of the 
capacity of the human system to handle competing 
messages.
Presenting these tapes monotically might demon­
strate peripheral effects at the level of the basilar 
membrane. These responses could then be contrasted with 
the dichotic results which should reflect influences 
from more central structures. In order to study the 
peripheral and cortical effects on response to competing 
messages the first major question was asked:
I. What is the perceptual response to simul­
taneous dichotic and monotic presentations 
of consonant-vowel (CV) nonsense materials?
A. Dichotic simultaneous mode
1. Is there a difference in right/left 
ear report?
2. Is there a pattern to the errors in 
the responses?
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B. Monotic simultaneous mode
1. Is there a difference in right/left 
ear report?
2. Is there a pattern in the errors?
It was reasoned that if there is a consistent
right ear laterality effect with simultaneous messages, 
then transmission rates of speech signals from one side 
of the brain to the other might be studied by separating 
the messages in time. There aTe also indications in the 
literature that short-term memory may influence the re­
port of dichotic messages. While one stimulus is being 
reported, the other decays or is in some way interfered 
with while in short-term memory storage.
To sample both these areas, another set of major 
questions was posed:
II. Is there a pattern which emerges in listener 
responses to simultaneous vs. systematically 
time-staggered CV competing stimuli?
A. Dichotic time-staggered stimuli
1. Is there a tendency for increase or 
decrease in errors in response to 
systematically time-staggered stimuli 
as opposed to simultaneous presenta­
tions?
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a. Is there a critical time separa­
tion factor optimizing correct 
perception of dichotic materials?
b. Is this time factor the same for 
both ears?
2. Is it the lead or lag signal which is 
more often perceived correctly?
3. Do the right and left ears show 
comparable lead/lag functions?
4. Do the response patterns in these 
tests relate to distinctive features?
B. Monotic time-staggered stimuli
1. Is there a tendency for increase or 
decrease in errors as stimuli are 
separated in time?
a. Is there a critical time- 
separation for optimizing correct 
report?
b. If such a time factor exists is 
it the same for both ears?
2. Is there a tendency for more correct 
responses to lead or lag stimuli?
3. Do the right and left ears show com­
parable lead/lag functions?
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4. Is there an error pattern related to 
distinct features of the competing 
stimuli?
The subjects were 12 normal, young, adult, right- 
handed females who had no prior experience in complex 
listening tasks. Forty tests were given, 20 dichotic and 
20 monotic, at each of the following time conditions: 
simultaneous, and separations of 15, 30, 60, and 90 
msec.
These subjects demonstrated a right ear laterality 
effect in dichotic listening and no ear effect in monotic 
listening. The right ear laterality effect has been 
attributed to the primacy of the crossed auditory path­
ways. This allows more effective transmission of the 
right ear stimulus to the left (language dominant) 
hemisphere. The equal report of the ears in monotic 
listening indicated that rather than cortical effects, 
masking produced the errors.
A second significant finding in the dichotic tests 
was that when two competing consonants were unvoiced and 
voiced, it was the voiceless stimulus that was most often 
perceived correctly. (In contrast, under monotic condi­
tions there were more correct voiced responses, essentially 
a masking effect.) This seemingly special ability of
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listeners to report voiceless over voiced consonants was 
described in earlier research generated in this laboratory. 
The oscillographic tracings of these two classes of CV's 
reveal a distinct difference in the duration of the 
aperiodic portion of the consonants. The boundary be­
tween aperiodicity and periodicity of voiceless CV's 
occurs much later in time than does that of the voiced 
onset syllables. If this boundary is a critical factor 
in perception of competing consonants, the later occur­
ring voiceless boundary may be evoking a special case of 
"lag effect." The lagging member of a dichotically 
presented pair is better perceived. This better report 
of the lagging stimulus will be further discussed in the 
time-staggered test results.
The second major question explored the effects 
of time-staggering on perceptual response of competing 
messages. In the dichotic time-staggered stimuli, four 
major effects were evidenced. The right ear laterality 
effect seen in the simultaneous mode was maintained.
Its scores for both lead and lag stimuli were consistently 
higher when compared with the left ear scores for lead 
and lag listening. The second response pattern seen in 
these time-staggered tests was that responses to trailing 
stimuli consistently improved as the CV's were separated
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in time. This is part of the so-called "lag effect."
The third observation that can be made reflects an inter­
action of the right ear effect and the lag effect. This 
interaction might have been responsible for the two ears 
showing a different degree of improvement in the lag 
position. At 15 and 30 msec time-separation, even though 
given the advantage of the lag condition, the left ear 
score was poorer than the lead score. This might then 
explain why even with only rough precision in onset 
earlier investigators had found a right ear effect in 
their data. The fourth major finding was the ubiquitous 
"voiceless over voiced" perceptual phenomenon which was 
generally sustained until 60 msec of separation. Re­
gardless of ear, or lead or lag position, voiceless 
consonants were perceived over voiced onset syllables.
At approximately 60 msec of separation there was a 
tendency for the voiced onset item to approach equal 
intelligibility. Inspection of oscillographic tracings 
of voiced/voiceless pairings reveals that even in the 
lead position at 30 msec the voiceless CV's boundary 
trails. This, as mentioned earlier, may be a second 
manifestation of the lag effect; this lag is an inherent 
event within simultaneous onset of voiceless vs. voiced 
consonant pairs.
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These two lag effects may reflect the influence 
of a short-term memory storage phenomenon. Previous 
research has indicated that it is the last-in (lagging) 
stimulus that is usually reported first. While in short­
term memory storage the leading stimulus has been 
subjected to interference or trace decay before being 
reported.
The monotic time-staggered data revealed virtually 
symmetrical response functions for right and left ears. 
Peripheral masking effects were even more apparent than 
in the simultaneous tests. The lag scores were poorer 
at 15 msec and only at chance level for 30, 60, and 90 
msec time conditions. The vowel portion of the lead CV 
probably masked the consonant of the trailing stimulus.
A second possible reason for superior lead report is 
found in the theory of "Precedence Effect." This effect 
renders the second CV ineffective in stimulating the 
auditory nervous system.
Several areas of future study are indicated.
This study carefully chose the most competitive of verbal 
stimuli. The rationale was that if there was a dif­
ference in ear report to be evidenced by competing stimuli, 
then onsets must be rigorously aligned and acoustic 
parameters of the phonemes should not be varied on more
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than two distinctive features. The simultaneous data 
consistently have shown that the right ear effect is not 
evoked by each of these CV pairs. Regardless of ear, 
the voiceless onset CV is perceived over a competing 
voiced onset CV. The possible explanation for this has 
been in the lagging boundary of the voiceless CV. It 
is suggested that test tapes be constructed carefully 
aligning the boundaries of competing CV's. These test 
tapes should be administered to normal listeners to see 
if boundary alignment causes the two stimuli to be more 
competitive. It is possible that the aperiodic portion 
of voiceless CV's serves as an alerting mechanism and/or 
pre-stimulus. This same advantage could be given the 
voiced onset CV by aligning the boundaries of the two 
CV's and preceding the release of the voiced consonant 
with noise of the same At as the aperiodic portion of 
the voiceless CV. Future study is indicated to determine 
how much separation is needed for both leading and 
lagging stimuli to achieve 100 percent report.
The incrementing of time separation in monotic 
stimuli should cause both signals to be perceived once 
the leading CV's vowel no longer overlaps the consonant 
portion of the lag stimulus. The time required, then 
will be a function of the duration of the leading CV.
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Developmental studies should be carried out in 
order to assess when the right ear laterality effect 
occurs and becomes stabilized. This neurological 
maturity may have been realized before the child is old 
enough to cooperate in such tests.
The further compilation of normal data in temporal 
resolution of competing speech signals would permit a 
comparative evaluation of dysfunction in patients having 
known temporal lobe lesions. It has been established 
that the ear contralateral to the affected hemisphere 
does poorly on simultaneous dichotic tests. The use of 
time-staggered messages may shed some light on speech 
transmission. Repeated post-surgical testing of lobecto- 
mized patients may reveal recovery of function. These 
results might then be indicative of utilization of path­
ways bypassing the affected temporal lobe. The study of 
commissurotomized patients may reveal the relative impor­
tance of the corpus collosum in transmission of signals 
from one hemisphere to the other. Time-staggering of 
signals would be an effective means of evaluating trans­
mission rates for signals not being able to follow this 
pathway. Such studies as these should enhance our under­
standing of normal as well as disordered auditory function.
69
In summary, the data reported herein, are offered 
as evidence of aspects of central auditory function. The 
monotic test data reflect peripheral effects and serve as 
a contrast to the dichotic response patterns. These re­
sults document earlier investigators' reports of a right 
ear laterality effect. The precision of the tapes used 
in this research allows the investigator to posit that 
this laterality effect is maintained even when stimuli 
are separated in time by 90 msec.
Two types of response patterns have indicated 
"lag effect" which was offered as evidence of short-term 
memory function in dichotic listening.
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Appendix 1 -Spectrographs of Individual CV Utterances
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Appendix 2 -Oscillographic Tracings of all Simultaneous 
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Appendix 5 Instructions to Subjects for Dichotic and
Monotic Tests
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INSTRUCTIONS FOR DICHOTIC TESTS
You are about to hear a test of nonsense syllables, 
such as /ba/, /da/, /ka/, etc. You will hear two of these 
at the same time, one to the right ear and a different one 
to the left ear. Check-off on your answer sheet what you 
heard. If you remember both syllables check both, or if 
you are aware of, or only remember one, check that syllable 
on your answer sheet.
Do not be concerned with which ear got the syllable. 
Just check each test item you hear.
Here are a few samples. Each sample will be followed 
by a pause. Listen but do not check-off your answers on 
these practice items.
(3 practice items)
Now, we will begin. Are you ready?
INSTRUCTIONS FOR MONOTIC TESTS
You are about to hear a test of nonsense syllables, 
such as you heard in the first testing session.
This test will be different only in that you will 
hear both of the syllables in one ear at the same time. 
Check-off on your answer sheet what you heard. If you 
remember both syllables, check both, or if you are aware 
of, or only remember one, check that syllable.
Here are a few samples. Listen but do not check-off 
your answers on these practice items.
(3 practice items)
Now, we will begin. Are you ready?
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Appendix 6.--Multiple Choice Answer Form
o
tn !c* «■ , t) . ro . In - *£> .00r r r r r r f r r r r r r r r r : r r r r r r r rr r r r r r r rr r r r r r r r
r c i <n o  cn o  cn or r r r r f r
'v_______M_______ __      _̂__________
.'si CT*- Ol XT 04 fs> •
■O D TJ *0 T) *0 T?r t  r r r r r
H  H  H  H  H  *-1 Hr r r r r r rir f r r r r r
r  f  f  f r  r  F
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GROlf  liify.. J 6L..62
N A ] 2 R R 3 4 N C 1 2 R D 3 4 N E 1 2 R A 3 4 '
R B 2 1 R c 4 3 N 2 1 R E 4 3 N A 2 1 R B 4 3
R c 3 N D I ? R E 3 4 N A 1 2 R B 3 4 H C j 2
R D 3 N E 2 1 R A 4 3 N B 2 1 R C 4 3 N D 2 1 1
-
N E 1 2 R A 3 4 N B 1 2 R C 3 4 N D 1 2 R E 3 4
N A 2 1 R B 4 3 f) C 2 1 R D 4 3 N E 2 1 R A 4 3
R B 3 4 N C 1 2 R 0 3 4 N E 1 2 R A 3 4 N B 1 2
R C 4 3 N D 2 1 R E 4 3 N A 2 1 R B 4 3 N C 2 1
N D 1 2 R E 3 4 N A 1 2 R B 3 4 ft C 1 2 R D 3 4
N E 2 1 R A JL.
1
3 N B 2 1 R C 4 3 N D 2 1 R E 4 3
R A 3 <1 N 3 2 R C 3 4 N D 1 2 R F 3 4 N A 1 2
R B 4
*
3 N C 2 1 R D 4 3 H E 1 R A 4 3 N B 2 1
N C 1 2 R D 3 4 N E 1 2 R A 3 4 N B 1 2 R C 3 4
N D 2 1 R E 4 3 N A 2 1
*
R B 4 3 H C 2 1 R D 4 3
R E 3 4 N A 1 2 R B 3 4 H C 1 2
1
R D 3 4 H E 1 2 1
R A 4 3 H B 2 1 R C 4 3 N D 2 R E 4 3 fl A 2 1
N B 1 2 R C 3 4 N D 1 2 R E 3 4 N A 1 2 R B 3 4
N C 2 1 R D 4 3 N E 2 1 R A 4 3 H B 2 1 R C 4 3
R. D 3 4 N E 1 2 R A 3 4 N B 1 2 R C 3 4 H D 1 2
R E *1 3 N A 2 1 R B 4 3 H Cti. ■ • * 2 1 R D JLJJJLA. 2 v
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Appendix 8.--Response Matrices for Dichotic and Monotic
Tests
RESPONSE
„ PA T A  . KA BA D A G A NR/I
P A  0 .. 0 0 0 0 0 . 0
T A  90 47 5 19 3 3 64
K A  86 10 48 , 12 4 3 . 7 7
B A  107 6 5 . 64 9 ! ' 2 ■ 53
D A  99 0 12 39 ....32 ______  3 47
G A  74 0 20 20 ..2 5 * 45 .. 40
P A  3 3 lib. 1 5 . , 7 16 0 54
T A  0 0 0 0 0 0 0
K A  5 ... . 92 66 2 1 3 ________ 2 ____ 60
B A  34 113 10 11 10 5 57
D A  13 ..  105 13 7 4 5 6 _. .. 51
G A  13 85 36 4 19 ; 29 64
P A  8 a 118 6 5 7 . .... 88
T A  3 16 • 120 2 8 & 83
K A  0 ... . o 0 0 0 0 0
BA 20 H 76 30 21 32 63
D A  6 ’ 5 102 1 19 . 6 2 ___  .45
G A  4 10 83 6 17 65 55
P A  56 0 0 115 21 6 4 2
T A  61 19 2 94 16 7 41
KA 35 ; <* 9 1 04 26 5 55
B A  0 0 0 0 0 0 1 0D A  17 . f 1 1 107 4 ? 16 . . 54
G A  15 4 3 00 6 6 50 \ 46
P A  20 9 12 49 83 3 3 .... ; ..34
T A  18 21 5 55 81 24 ! 36
KA 7 ______ 6 . 30 26 83 44 ____|_39
BA 6 3 4 79 88 27 33
D A  0 _  0 0 0 0 0 o
G A  3 ; s 7 26 85 66 ! 45
P A  4 i 12 15 31 118 _. 59
T A  5 i 18 15 21 120 !■ .60
KA 3 4 12 0 27 118 .... ' 68
BA 1 0 7 13 30 120 : 69
D A  0 ..... 0 2 . 9 * 27 118 .' 84
G A  0 0 i o 0 0 0 0
7 2 0 0  .
MONOTIC ALL 




V PA T A
RESPONSES 
KA KA D A
* GA
PA PA 0 0 • o 0 0 0
TA 91 20 9 12 n4. , 2KA 9? 4 ' 2 9 5 2 1 . 3
BA 99 3 3 31 2 1
DA 90 6 6 1 7 1 13 2
GA 37 9 ’ 6 e 16 22
..TA PA 16 67 7 5 • 10 < 0
TA 0 0 0 C 0 ~ 0
KA 3 9 9 32 ni. 6 2
BA 19 57 Cj 7 9 : l<
DA 5 59 6 5 2 3 9
GA 9 9 3 1 7 1 1 1 1 3
f KA PA 9 5 39 3 2 9
TA 2 10 60 1 5 3
KA n 0 0 0 0 0
BA 10 9 37 1 7 1 2 1 2
DA 5 2 50 1 1 0 2 9
GA 1 6 90 9 9 32
BA PA 2 9 G 0 5 7' 1 1 2
TA 31 10 1 9 6 7 it
KA 20 6 9 5 > 10 ?
BA 0 G 0 0 0 0
DA 6 0 1 5 9 2 1 9
GA R 1 . 3 32 26 2 6
DA PA 9 c 7 2 3 91 16
TA 0 13 3 25 39 19
KA 5 3 15 1 3 \ '*2 - 26
BA 9 3 ’ ' ' 2 3 0 97 10
DA 0 0 0 0 0
GA i 5 2 11 9 3 39
GA PA 9 0 6 10 :.i3 59
T A 3 3 : 8 10 ' 9 ' 60
KA 2 2 6I 2 15 ... 60
BA 0 0 9 3 19 60
DA 0 0 2 ’ 7 r 11 59








































* No response or double error
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PA ■ TA>1 ■ L •
PA PA....0 0
i TA 12
. KA 1 1
BA 8 1i . DA A 1
. GA 0 0
TA PA .5 12'
TA o V 0
KA 0 A.
; BA . 8 9
DA 5 5
GA 0 0
KA PA 2 0
TA o ; 1
KA o or BA 6 2
DA 1 1
GA 1 1
BA PA . 9 _ 0




_DA *„PA 7 I
TA 1 • 6
KA .1 _  1BA 0 0
DA 0 ___ 0
GA 1 0
..GA PA 0 ! ... 1TA 0 i
KA . 1 1 0
BA 0 0
DA 0 0
GA 0 ’ ' 0
720
RESPONSE
KA BA DA GA NR/DE*
0 0 . 0 . o .0
0 0 0 0 8
12 0 1 0 • 9
1 10 0 0 A
2 A r ____ 1 . - 3
6 1 , 2 10 5
1 0 L .0 0 6
0 0 0 0 0
12 0 0 ___ 0 8
1 3 0 0 3
1 1 7 2 3
A 1 1 12 b
11 0 0 0 11
12 0 1 1 9
0 0 0 0 0
2 b 1 ■ 3 1 A
10 0 i 2 8 ..... 2
2 0 i 2 12 6
0 10 i .2 1 0 3
1 5 1 0 A
1 R 2 1 7
0 0 0 0 i 0
0 9 8 1 A
0 2 3 . 12 A
0 8 A 1 3
2 A 5 2 A
7 0 5 b A
0 10 9 2 3
c 0 0 0 0
0 1 5 11 6
2 1 2 11 7
3 0 1 : 12 7
-y
C 0 1 11 9
1 2 3 , 12 6
0 0 5 ■ 4 12 7









KA BA DA GA NR/
PA PA 0 0 0 0 0 o i 0
TA n 9 0 : 3 n ’ 0 A
KA 7 2 10 ' 0 0 , 0 r*
BA 9 0 0 9 3 o 3
DA 9 0 1 A 7 o 3
GA 1 1 A 2 1 9 6
TA PA 5 . 11 2 1 0 ______ o 0
TA 0 0 0 0 0 0 0
KA 1 5 10 fi 1 0 7
BA 7 12 0 0 1 0 A
DA 0 1 1 1 1 9 0 2
GA 2 7 7 0 1 2 0
KA PA 1 1 12 0 1 0 9
TA 0 2 12 0 0 1 9
KA 0 0 0 c 0 0 0
BA 1 o ■ 1 0 2 11 3
DA 0 0 10 o 3 8 i 3
GA 1 0 5 0 1 1 1 6
BA PA 6 0 0 1? 2 1 3
TA 10 I 0 7 1 'i t *->
KA 3 I 0 H (y 0 A
BA 0 ’ • 0 0 0 0 0 0
DA 2 0 0 10 6 0 6
GA 1 0 0 9 4 11 3
DA PA 2 0 2 H 7 A 1
TA 5 1 0 e ..A 1 S
KA 0 0 . 5 3 8 3 5
BA “0 " o ' ' 1 7 8 5 3
DA 0 0 0 0 0 0 0
GA 0 1 3 2 8 ' 6 A
GA PA 0 0 0 2 3 . 12.... 7
TA 0 0 3 0 A 5
KA 0 0 0 1 A 12 7
BA 1 0 1 2 2 12 6
DA 0 0 0 0 2 12 10
GA 0 0 0 0 0 0 0
720 i 1. ■
MONOTIC 
RIGHT 15 LEAD














< PA TA KA BA DA GA NR/
PA 0 0 0 0 0 0 0
TA 1? A 0 2 o , 0 6
KA 12 3 0 2 . 0 .1.0 . 7
BA 12 0 1 2 1 0 0
. DA 12 , . 0 1 (> ___ 1 - t — o - ..A
GA 12 1 2 ; 2 3 3
PA . 3 _____ ..1 1 1 1 . .. 1 . . o:„. .. 7
TA 0 0 0 0 0 0 0
KA . 0 10. 5 1 2 ... o f>
BA 3 12 0 1 1 0 7
. DA 1 12 2 0 . .. A o . _ *i
GA 0 > 11 A 1 2 l 5
PA 1 1 12 0 0 .... 1 9
TA 0 1 12 1 0 9
KA 0 . u 0 0 0 - 1 . . . 0
BA 0 0 : 1 2 0 2 6 A
DA . 0 .. 0 r o 0 1 . : n .... A
GA 0 i 0 • 12 1 1 7 3
PA A ! 0 0 1 2 2 2 ATA 2 ! o ! o 1? A 0 f
KA 1 . ■ 0 0 1 2 A 0 7BA 0 o 0 0 0 0 0
DA .1 1 0 12 1 2 7
GA 3 | l 0 9 8 0 3
PA 0 ,._.o . I A 10 A A
TA 2 l 0 7 10 2 2
..KA 0 l 1 3 - -11 _. _______5 . .3
BA 2 o ; o 1 1 A A 3
DA 0 1 0 ! o 0 0 0 0
GA 1 1 1 l 2 8 C 3
. PA 0 0 2 0 .........A .... 12 6
TA 0 0 2 1 3 12 6
KA _ 0 . ; 2 2 1 2 11 f










* No ronpoitno or  t lunMo r r r o r
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RESPONSE
Y * PA ~TA ’ k a  : BA ' ; DA GA NR/
PA _ PA 0 , • . o 0 0 0 [i 0
TA 1? 1 1 1 0 0 9
KA 12 0 0 ? 1 o' 9
BA 12 0 ■ 0 3 2 0 7
DA 12 0 I A 2 0 5
GA 1? 0 1 A 1 l 9
►3 > •d > 2 12 2 0 2 0 A
TA 0 0 ’ 0 0 0 0 0
KA 0 12 3 0 1 0 n
,BA 1 11 1 0 1 1 ■ 9
DA 1 11 3 0 1 Cl H
GA 1 12 2 1 2 0 6
G KA PA 0 1 12 1 ‘ 0 0 . ioTA 1 1 12 0 0 1 9
I KA 0 0 i o 0 01 — 0 * 0BA 1 1 1 12 1 2 1 6
V DA 0 0 : 12 0 2 2 R
GA 1 2 * 12 0 3 1 : 5
E BA PA 3 0 0 12 1 1 7
TA 6 0 0 12 2 2 2
N KA A 0 0 12 1 1 ftBA 0 0 0 0 0 0 0
DA A 0 0 1 2 A 0 A
GA 3 1 0 P 7 0 Ii
DA l’A 0 (1 2 3 1 1 A A
TA it ii 0 ii 1 1 2 3
KA t I ; o 3 ; io A 5
DA 0 ! o ' 0 / 9 3
PA c 0 1 01 0 0 0 0
GA 0 1 0 A 11 3 3
GA PA 0 0 1 ‘0 1 < i* 12 i 6
TA 0 0 1 1 i ? ' 12 V e
KA 0 Cl 1 2 I ? 1 2 7
BA 0 u 0 2 i 3 12 ' : ■ 7
* DA 0 0 0 0 * 2 1? 10GA 0
720





* No response or double error
102
RESPONSE
PA TA ; KA BA DA .. GA JNR/DE*
PA PA 0 0 rt 0 0 o
i ' 
. 0
TA 12 1 1 o 1 1 : i 8KA 12 u l 3 0 J  .. o tJBA i t 2 0 3 1 1
DA i t .. 1 . I 2 2 0 6GA 12 2 0 3 3 0 A
TA PA ? 12 2 0 3 .. o 5TA 0 0 0 0 , o 0 0KA 1 12 A 0 1 3 ; . 0 ABA 1 12 0 0 1 3 ! 0 8
DA I ..12 ' 0 0 1 1 - . o 10GA 1 { 12 2 0 2 1 6
KA PA 0 0 12 2 ? : 2 6
TA 0 1 12 D 2 1 1 8
KA 0 o 0 0 0 : 0 0
BA 2 1 12 0 0 I 8
DA 0 . . 2 12 0 1 ;. 'i 5GA 0 2 12 1 1 2 ftBA PA s 0 0 I 2 3 0 A
TA 1 0 1 2 1 1 3ICA 2 0 A 11 3 1 3PA 0 G 0 0 0 , o 0DA 0 0 1 0 12 2 A 6GA 0 0 0 10 P 2 ADA PA 2 0 0 3 10 3 6
TA ?. 0 ! o 3 12 3 ■ AICA 0 0 2 A 12 1 5BA 0 0 1 6 : 11 | 3 3DA 0 0 0 0 1 0 0 0GA 0 0 ! 1 A 10 , A 5GA PA 0 0 < 2 1 A 12 ! 5TA 2 0 1 3 2 - 12 “ i AKA 0 0 t -1* 0
2 3 ; 12 fcBA 0 u 2 A i 12 ‘ ; 6DA 0 0 . ! 0 1 ! 3 ■ ■ 1 12 8GA 0
72 0
0 1 o ■ o




- • •- i o___i 0




'PA PA 0 0 0
TA A A 27 1/ KA A A 6 - 23
BA r»3 3 2
OA A 9 2 A
GA 3 7 A 12
TA . PA 17 58 8TA 0 0 0
KA 2 A3 3 A
BA 20 56 2
DA 3 51 7
t GA A A 2 19
G KA PA A 3 59
TA I 6 60I ICA 0 . o 0BA 10 A 39
V, DA 1 3 52iI GA 1 5 A 1
E BA PA ? r 0 0
r TA 10 9 1
N KA 13 L 5
BA 0 • i o 0DA 9 t I 0GA 7 3 0
DA PA 1 I L 5
TA 10 ' . 8 2
KA 2 3 IS
BA 2 0 2
DA 0 0 0
GA 2 S
GA PA 0 L 6
TA 2 ' . " t 10
KA I 2 ft
BA 1 0 3
DA 0 0 0
GA 0 0 0
3600
MONOTIC
BA DA GA NR/DE*
0 0. 0 0
7 1 i: 35
7 2 0 38
2 7 7 L 27
22 ; 19 ...  1 21
12 9 23 23
2 6 0 29
0 0 0 0
1 7 0 33
A fc 1 31
2 22 2 28
3 3 16 28
3 * 3 3 AS
1 3 5 AA
0 0 0 0
1 i - ‘ ,j 20 25
n 9 33 22
7 r' 3 33 2ft58 ; io A 21
A3 . 9 : 3 20
5 1 16 3 29
0 0 0 0
5 5 2 I 7 27
1A 30 25 21
2ft A2 17 15
30 A2 10 18
13 Aft 19 22
Al A I 17 17
0 0 0 0
15 A 2 32 21
5 18 59 31
5 , 12 fc 0 30
ft 12 ** 3510 16 C. -1 w ̂ 30
2 *■ 16 59 A3
0 V ■ 0JT 0 0
LEFT
* No response or double error
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RESPONSE
PA TA KA BA ' DA GA NR/BE*
PA PA 0 0 0 0 0 0
►i 0
TA 4 10 1 2 ■ 0 0 7
‘ KA 1 0 12 I 0 2 B
BA 7 0 1 10 0 , 1 4 5DA 10 _ . 1 ( 1 r. 1 2 3
GA 0 I r 3 0 2 11 j 7
TA PA 4 11 0 l 2 0 ' 1 ' 6TA 0 0 0 0 0 0 11 0
'k a 0 5 12 0 0 0 1 7
'BA 7 10 1 2 0 0 4
iDA 3 6 1 2 0 2 1' ” 1 2
GA 1 0 4 0 3 12 I 4
KA PA 2 0 . 1 1 0 0 0 “ - t ' 11TA 1 2 i 12 0 0 0 r 9
KA 0 0 0 ' 0 0 0 0
BA 7 ? ! o 7 3 1 4
DA 3 0 fi 0 ' 4 5 4
GA 0 0 2 0 4 12 f (>
BA PA 9 0 0 1? 1 0 1V . 2
TA 7 o 0 3 1 0 t 5
KA A 2 ? B 3 0 » 5
BA 0 0 0 0 0 0 0
DA 0 0 i 9 7 3 4
GA 1 0 ■ i 1 3 12 6
DA PA 6 5 ' i 6 3 f 0 3
TA 2 7 i 3 6 2 t 3
KA 2 0 7 2 0 10 3
BA I 0 r  i 11 7 L__ ̂ 3
DA 0 0 .4 0 - 0 0 0 0GA 0 0 , 0 2 2 12 1 8 ‘
GA PA 0 0 3 3 2 1 I 5
“ TA L 0 A ? 1 12 ] 4
KA 0 1 3 0 1 12 7
BA 0 0 2 0 4 12 6
DA 0 0 1 1 ' 3 11 tt . 8
GA ' o' 0 0 0 i 0 ' 0 0
.720 . » 1. . .. 1
MONOTIC 
LEFT 0 LEAD
* No response o t  double error
d05
RESPONSE
Vr *" (1L PA TA KA
_PA.
1
PA 0 0 0
TA 11 7 0KA 5 1 9
BA 11 1 1
1 DA 5 2 2
GA 2 0 4
1 > i PA _ 6____ . 1 0 2TA 0 0 0
KA _ 1 _ 9 9
BA 6 11 1
1 DA 0 12 2
i GA 1 11 5
k a PA 1 1 12.TA 1 3 12
KA . o 0 0BA 2 0 2* DA 1 1 10GA 1 0 5
BA PA 9 0 0TA c 2 0KA 4 1 0BA 0 0 0DA 1 0 0GA 0 0 1
.BA PA ? 0 • 1' TA 5 2 0' KA _  0 ___________ 1 4BA 1 0 0DA 0 0 0GA 0 1 2GA PA o 0 9# TA 0 D 20 KA 1 0 1BA 0 0 0DA 0 0 I' GA 0 ■ 0 0
720
BA D A GA NR /
4
0 0 J  0 0
2 0 0 4
1 2 0 6
10 0 i 0 1
2 o 5
1 3 11 3
2 1 0 3
0 0 0 0
0 ... 0 0 5
2 0 1 3
1 5 1 3
1 2 0 4
0 1 0 9
0 0 1 7
0 0 0 0
7 1 7 5
0 ] 9 ; -2
1 3 10 4
10 1 0 .; 4
7 1 1 *>
10 2 0 7
0 0 0 0
10 5 2 6
4 2 10 7




4 9 _  4 * 2
9 ' 9 1 4
0 ! 0 . ..... 0 _ ‘ 0
2 6 6 5
3 3 12 - 6
1 3 ' 12 (.
0 4 *. fc
0 2 12 10
1 ; . o 12 10
0 , o C 0
MONOTIC 
LEFT 15 LEAD




PA '* P A  O
T A  1 2 . 
XA 12‘ 
BA 12.
» K \ 2GA 12
TA P A  z'
PA ,o
TA  o
, K A _ 0
1 * BA 0 
V ' B A  0 
GA 0




d a - o:
MONOTIC
LEFT'30 LEAD'* * ■
* No response or double error
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RESPONSE
.v  n PA TA KA 'BA DA GA NR/DE*: i ! * . _ ;
PA PA 0 ____1 . 0  0 o . _ 0 . 0 ... I 0
1 ; T A l ? , l  0 2 ^ 1  O ' R
! ___ KA 1 2 ; I ...... 1 ' 0 0 0 10
BA 12 | 0 1 . A  1 " " 0 1 6
I_____ PA 11 | 0   1 3 1__ 0_________8 .
' .GA ii i o l a 2 0 6
;..TA. p a  ? 12 2 J ? 1....j_. 0 .. 5....
I TA 0 I 0 0 0 0 ; 0 0
;_KA__ 0  „ 1 2  3 1  3 ,! f___ 1______A
BA 0 12 3 1 0  2 0 7
  .... DA l'  12 1 J 1 . 3  ,_.0_____  6 ___
GA 3 11 2 0 1 0  7
_. KA . PA 0   0 , 1 ?  2 1 2 ____  7
TA 0 , 1  0 0 1 10
 .. KA _ 0 . 0 o 0 0 I 0 0
BA 1 0 12 1 1 0 9
. .. PA 1 . . . .  0 1 2 0 1 3 7
GA 0 1 12 1 2 ‘ 1 7
BA PA 5 0 0 11 3 ; 0 0
TA 7 0 0 12 I 2 ! 1 2
_ KA . 4 • 0 i i? ' i  i i . t»
BA 0 0 • 0 0 0 , 0  0
...DA A .. . 0 o 12 3 ' I______ A
GA 2 1 0 8 9 ! 1 3
PA _ P A  .1 _  . 1  2 2 11___ ; A______ 3 _
TA 0 1 0 A ‘ 8 6 5
 KA .1  1 . . 1 1 3 i 10 A  A ___
BA 0 2 0 A 12 > A 2
 DA 0 ______ 0 ___ ! 0 0 '‘ 0 0  0 _
G* 0 2 0 3 ! 10 ~ 7 2
..GA_ PA 1  0 ... 0 1 5 _ 12 _ 5 _ _
T A O  0 l ’ 3 1 * 12 7
 KA .0   1 0 ] 0 A _ . l ? ___  7 _
BA 0 0 0 j o  A 12 6
 DA .0 ... .. _ 0 o ' 2 ’ 2 12 ____8




* No response or double error
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RESPONSE
v PA TA KA BA DA O >
_PA PA 0 . - 0 0 ' o 0 0
TA 12 0 1 1
..... ^
KA 12 ’ 0 2 1 0 1
BA 12 1 0 . if 0 0
DA 1 2 2 1 - 3 1 0
GA 12 0 0 0 6 0
__TA PA 2 12 •> 0 ] 3 0
TA 0 0 V  o 0 0 0
KA 1 12 3 0 1 1
BA 0 12 2 1 1 1
DA 1 12 1 0 2 o'
GA 2 ■ 10 A 0 3 1
G . KA . PA 1 1 12 1 0 2TA 0 ** 2 12 1 2 0
I KA 0 t 0 0 0 0 0
BA 0 P 1 12 0 3 1
V DA 0
*
1 12 1 1 2
GA 0 2 12 2 0 2
E -BA. PA A ! 0 0 12 2 ITA A 0 . 1 12 2 1
N KA C - 0 1 1 1 2 1
BA 0 i 0 0 .* 0 0 0
DA 1 1 0 0 12 . 3 2
GA 3 \ 0 0 11 b 1
JDA_. PA □ 0 1 3 11 5
TA 1 2 1 2 12 3
KA 1 *’ 0 2 2 11 4
BA 1 0 0 5 . u 3
DA 0 « 0 0 0 0 0
GA ' 0 i 0 0 3 > 12 4
_ GA^ PA 2 l 0 1 3 1 12
TA 2 t 0 1 2 . 2 ' ■ ^ 1 2
— KABA
0











DA 0 __ i 0 . 0 2 3 12
GA 0 .I 0 v 0 0 ' 0 0720 \
MONOTIC 
LEFT 90 LEAD






7 PA TA KA BA DA GA i n r /;k
.PA PA 0 0 _ . 0 . 0 0 ; . o
i
0
i TA 91 106 I 7 3 3 29i KA 76 8 97 . 12 2 5 40J " B A U  4 6 1 74 12 4 29f DA 90 10 1 42 59 9 29
GA 91 9 19 8 12 86 20
1 T A .. PA 100 91 I 9 7 , 2 30
TA 0 0 0 o 0 ' 0 0i KA 3 81 106 3 5 7 35
BA 29 106 3 64 11 1 26i DA 6 108 6 16 62 16 37
i GA A 68 42 4 9 86 27
G .KA PA 99 12 77 9 5 1? 30
TA 3 90 101 3 3 8 32
I KA 0 0 0 0 0 0 0
BA 17 4 107 6 ■} 8 12 3 3
V DA 10 6 101 1 6 44 37 27
GA 7 12 78 7 1 I 94 31
E BA . PA 11R 10 1 64 9 3 35
TA 2 1 113 4 41 8 10 23
N KA n 10 113 6 6 i 4 , 16 31
BA 0 ; o 0 0 0 0 0
DA 12 6 1 99 82 6 34
GA 3 0 3 3 4 3 0 “103 34
DA PA 106 9 2 37 55 8 23
TA A 118 3 1? 54 ! 26 ~ 23
KA 3 5 117 12 * 4 6 32 25
BA 21 " " ~ 9 1 101 70 10 28
DA 0 0 0 0 J 0 0 * fj
GA 6 8 9 5ft 115 41
GA PA10B i. e 10 R 12 70 24-TA 5 I 80 : 40 5 9 j 74 27
KA 5 ' 11 100 8 5 ! 79 3?
BA 3 2 4 7 3 25 105 28
DA 1 5 6 17 56 ■111 ,44
GA 0 o 0 0 0 ; ° ’ 0i 7200 t
DICHOTIC
ALL
* No response o r  i louhln e r r o r
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RESPONSES
PA TA KA KA DA GA NR/DE*
PA PA o 0 0 0 0 0 0
' TA /(2 ‘ 53 0 3 2 2: L3
] KA 3 5_ 3 53 5 L 2 21
: I3A 55 " 5 I 40 • 4 2: 12
DA 43 __t ^ 0 24 30 5 _13
GA /t0 ■' 5 5 7 6 46 11
T A  PA 53 51 . 0 5 5 _ 2  14 _
TA o ; o 0 0 0 0 0
KA 2 : 38 . 5? 1 3 _ _ 2 17
- B A "16 ' 40 2 32 ' < 6 f. I- 15
DA 5   5 2 - 2  10 2 8__  8 _ _16
’ GA" 3 ' 20 20 3 3 51 12
G f KA PA 54 / 32 0 3 8 16
. T A  1 57 .• 47, 3 0 . 4 18
1 KA 0   0 0 0 0 0 0
I ..  BA \0 ‘ " 5 50 32 5   3 11
V  ̂ DA 5 3 58 10 2 3 21 10
i " GA 5 5 35 4 4 5 3 15
E ; BA PA ■><> £, I 28 6 3 17
T A  5 t  59 - 2 30 4 ' 6 13
N ' KA 2 * 6  50 24 3 6 20
BA 0 0 0 0 0 0 0
! PA 4 2 0 31 44, 3 . 16
: G A  2 0 2 . 2 2 10 53 18
DA PA 5 ? 7 2 15 2^ 4 12
’ ' TA 0 , 60 1 2 i 2 7 14| ‘ 16
KA t 3 50 6 20  17 14
BA 9 4 • t 53 33 4 16
DA q 0 0 0 ; 0 0 _ 0
, G A  4 • 3 4 2 1 27 58 22
GA PA 56 6 4 7 3 27 12
T A  3 ' 4 3  * 24 3 1 5  27 15
KA 4 - * 5 - 5 1  7 3 4 34 16
BA 1 >. o 3 44 , 1 2  49, 11
_ DA I . * 1 A ; 9 29 55 21
G A  0 *. ; 0 0 ‘ 0 0 0 0
3 600 . * *
* *• ; » ?  ,  # 1
• DICHOTIC RIGHT 
* No ronjumso or tlnuhlo crror
Ill
RESPONSES
V PA. TA KA ~ BA7  ' DA. GA
PA PA 0 0 0 0 0 0TA 10 0 1 - 0 0 IKA 10 1 A 1 I 0BA 12 1 I 0 : 5 I 2 ' ' 0DA 12 1 0 ' r> 3 0GA 10 f * ■] 1 2 0 2 7TA PA 8 1 10 » 1 0 0 0TA 0 0 1 0 0 0 0KA I 7 f 10 0 2 1BA 2 12 : o 6 * 1 o;DA i; 11 l . 1 3 3GA 0 2 12 1 2 2
g -“ L. PATA 52













































* Nit I'^sptthRp in* iluithlc* p ifii V
112
■7 ... . r PA TA




. _  DA 10 _ . *  ...o
GA 9 ! ■ 3
—TA -PA 8 9
TA 0 0
----- KA 0 . 9
BA 3 ii
_____ DA 0 . 12
GA 0. ; 10
-KA -PA 10 —  1
TA 0 8
___  KA 0 _ 0
BA 2 V ’ 0
_ D A I . . .  1
GA 1 0




....  DA 1 ... 1
GA 0 0
-DA - PA 11 0
TA 1 11
- KA 1 1
BA 4 1
_____ DA- 0 0
GA 2 0
-GA - PA 10 _ _ .  1
TA 1 5
- KA 1 . 1
BA 0 0
____ DA 0 0
GA 0 0720
RESPONSE
KA BA DA GA
i ■
0 o 0 o
0 2 0 0
7 0 0 , 2 .
0 •i 2 0
1 • r> ..... 2 . _ * ?
4 1 1 . 5
0 2 . .. 0 ... 0 .
0 0 0 0
,10 0 • 0 _  , 0 . 
0 ' '| 1 0 
1 0 2 ?
5 .0 . 3  i>
0 1 0 _ ; . 0
10 0 1 20 0 0 0
11 2 1 0
11 t 2 . 4
io l 2 a
0 o 1 ..... 01 0  0 0 
10 *3 0 2
0 ’ 0 0 0
0 11 6 _ . . 1 .
0 f> .5 10
0 1 5  3 1
1 3 2 3
1? 0 3 . 6
0 ‘ 10 5 1
0 1 0 _o   0 _
0 1 5 il
3 0 _ 1 _ _ _ 7 . _
4 0 1 9
_ io o o ..... e . .
0 - 6 3 12
1 1 5 . ... 11 .






































* No response or double error
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RESPONSE
Y . t, PA TA ICA BA . DA' * GA
PA PA 0 0 0 0 0 0
TA 10 9 0 0 i o. 0KA 5 1 10 3 0 0
BA 12 0 0 4 1 I
_ DA 7 3 0 4 4 2
GA 9 0 2 ' 0 2 8
.TA .PA 9 11 ; 0 i 0 O ’
TA 0 0 ! o 0 0 0
KA 0 6 8 1 ...> o . . .2
BA A 11 1 4 * 3 0
DA 0 12 1 1 4 \
GA 0 fl 4 0 1 7
KA PA 9 2 e 0 1 1
TA 0 9 12 0 0 0
KA 0 0 0 0 0 0
BA 2 0 12 4 1 0
DA 1 1 8 0 1 9
GA 1 0 9 0 2 : 10
-BA PA 11 1 0 7 2 0
TA 3 11 0 4 ' 1 2
KA 1 2 10 4 1 *BA 0 0 0 0 0 0
DA 2 0 1 10 7 1
GA 0 0 ' 1 6 7 0
_DA PA 12 I 0 5 4 0
TA 1 12 1 2 6 1
; KA 0 0 11 0 .6 4
BA 4 3 0 9 . " 3 2
DA 0 C 0 0 ■ 0 0
GA 0 0 2 1 *' ' 6 ~ ~ 12
_GA . PA 12 1 • 0 0 / 1 7
TA 0 fa 4 0 2 8
. KA 0 j- 1 - 10 1 0 1 9BA 0 1 2 0 i 4 3 11
_DA 0 ; _i... 0 1 6 12


















PA TA ' KA BA DA GA
PA 0 0 0 0 0 0
TA I 1 11 1 0 1 0 0
KA LO . 1 , 10 1 0 • 1BA 1? 0 0 9 ? 0
DA 7 1 0 3 10 0
GA 12 0 0 0 1 10
PA 1 ] 9 0 } 2 0
TA 0 0 0 0 0 0
KA 0 10 ! 11 • 0 0 ?BA A 12 0 7 0 0
DA 0 1 1 1 1 9 0
GA 1 9 1 0 0 10
PA 9 0 10 . 2 1 0
TA 0 1 1 10 0 0 1
KA 0 0 0 0 0 0
BA J 0 1 ] V 1 0
DA 0 0 12 1 7 1
GA 1 3 0 (i 0 11
PA 12 1 0 R 0 0
TA 2 1 i 0 9 1 0
KA 1 1 12 9 0 0
BA 0 0 0 0 0 0
DA 3 u 0 n to fi 0
GA o ■ 0 0 7 2 1 1
PA 12 0 0 3 7 , . 0TA 0 12 0 7 6 2
KA 1 1 11 2 7 0
BA 1 0 0 10 9 1
DA 0 0 0 0 0 0
GA 0 0 1 ] 8 11
PA 12 . 0 0 0 0 10
TA 0 12 0 0 0 10
KA 0 1 10 0 1 9
BA 0 0 0 7 3 11
DA 0 0 1 2 6 11





































* No response or double error
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RESPONSE
V < PA TA KA
PA PA 0 o' 0
|TA 9 11 0
KA 9 0 11
j BA 10 0 0
;DA 11 0 0
GA 11 0 1
TA PA 11 11 0
;TA 0 0 0
K A 0 11 10
IBA 0 12 0
'd a 1 0
GA 0 11 0
G KA PA 12 0 8
■ t a 0 10 11
I KA 0 0 0
BA 0 0 11
V' DA 1 o 10GA 0, 3 8
E .* BA PA 12 0 0
■ * TA 1 11 0
Nf KA 0 0 10
BA 0 0 0
DA 1 1 0
: g a 1 0 0
DA PA 11 ■ 0 0
TA 0 12 0
KA 0 0 12
BA ' 1 1 0
DA 0 0 0
i’ GA 0 0 1
' GA PA 12 0 0
TA 0 11 0
KA 0 2 B
BA 0 0 1
DA 0 2 0
GA 0 0 0
720 1
BA DA GA Nli/DE*
0 0 • 0 j 0
1 1 o; i 2
2 0 0 1 2
11 . 1  1 1
1 . 1 0  0 2
0 0 10 2
0 ' 0 _  0  ̂ 2 
0 0 ” 0 0
1 0 „  0 _ 2 
11 '  0 . 0 ’ 1 
3 6 ' l‘ 3
0 0 1 1 "  2
1 0  1 2
0 1 0 2
0 0 0 0
10 . 0 . 0  3
, 3  9 0 1
: 0 1 9 3
I 10 0 0 ' 2
11 0 0 1
10 0 2 2
0 0 0 ' 0
a l i ^ o  3
2 1 0 . 3
'. ** B _ 0 1
2 6 3 ' 1
2 9 _ _ _ 0 110 " 10 ' ~ 0 2
0 0 0 * 0
2 7 12 2
0 1 __ 10 ’ 1
0 ; l n  1
1 t o 12 1
‘. 1 1  0 11 1
3 1 6 10 3
0 0 , 0  0
DICHOTIC 
RIGHT 90 LEAD









TA 49 40 1
KA 41 . 6 44
BA 58 ■ 1 0
DA 47 ... , 5 .. 1
GA 51 4 9
PA 47 „ 50 _ 1
TA 0 0 , o
KA l._. 43 _ 49 »
BA 13 ’ 53 1
DA 2 56 4
GA 1 40 27
PA 45 L 5 45
TA 2 1 4 3 54
KA 0 : 0 0
BA 7 ' i ° 57DA 5 J . 2 . . 53
GA 3 7 43
PA 59 t 4 0
TA 15 54 2
KA 9 : 4 > 54
BA 0 0 0
DA 0 4 1
GA 1 0 1
PA 54 2 0
TA 4 58 2
KA 2 2 58
BA 12 5 0
DA 0 0 0
GA 2 1i 4
PA 52 1 2 6
TA 2 - 37 16
KA 1 6 (■ 49
BA 2 2 1  \DA 0 4




DA GA (r NR/
0 0 0
1 1 16
1 3 . 19
8 2 17
29 4 16
6 ■ 40 9
2 0 16
0 f 0 . 0
2 5 10
5 ‘ 0 11




0 1 0 0




4 4 * 10
1 10 ■1 I
0 0 0
38 3 ' 18
20 50 16
27 4 ‘11
27 12 726 15 11
37 . 6 12
0 0 0
31 5 7 19
4 43 12
4 ' 47" : 12
2 _ .45 16
13 56 17







































* No roHpoiiMo n r  iluiihln i i i i m i
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RESPONSE
.V PAi i TA KA BA . DA ... GA , n r /d e *I<A11 0 ___ _ 0 . . . o 0 0 0 0
! TA 9 11 0 1 1 0 2
KA 0 ... 1 . 10 o 0* 0 . _. ^< BA 12 2 0 6 ' 2 0 2 '
DA 10 . _ 0 - 0 i f» A 1 3
GA 11 1 0 3 2 7 ! 0
1 TA _ PA 11 . 8 , 0 0 . j . 2 .. . 1 2
1 TA 0 0 0 , o 0 0 0KA 0 6 . 12 . 0 . 1 1 _-A .
i BA 5 10 0 3 2 1 3
U  DA 0 10 1 ' A 5 2 __ 1 2J GA 0 0 10 . 2 3 8 j - 1G KA_ PA 8 A 7 0 0 2
TA 0 8 1 1 0 0 2 3
I KA 0 0 0 0 0 - 0 0> BA 2 3 9 A 1 2 3
V DA 1 1 1 1 1 A ' r3 1
GA I 1 10 0 2 9 1E BA PA 12 1 0 rJ> 1 1 A
TA 2 12 0 A 2 2 2
N KA I 1 12 2 ; o A A
BA 0 0 0 0 0 0 0
DA 1 1 0 ' 10 ■ i i 0 1GA 0 0 0 6 i 12 .5: DA PA 11 2 1 3 . L  .5 0 ^ 2TA 0 12 c 0 5 . 2 5
KA 0 0 12 0 7 2
BA 1 1 , 1 10 7 2 2DA 0 . 0 0 0•-- -1 o _ _ J 0 0GA 1 1 1 , 0 ■ A  1 11 6
GA PA 9 3 2 ! 2 1 6 1
TA 0 2 10 ' 1 1 ■. 7 3______ KA - o . „ _ 0 .... 11 2A. 1 . J 6 -*-r • ̂ -BA I 0 0 * 6 A 10 3
DA 0 c 2 2 5 » 11 A




* No response or double error
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RESPONSE
y  _ PA TA !, KA ’ BA DA GA NR/DE+
L PA PA o O'.. 0 0 0 .... . . o .. 0 .
! TA 7 12 0 0 0 1 A
KA S 1 1? : 1 0 0 5
,BA 12 0 0 7 1 0 A
DA 8 2 0 7 3 1 3
GA 5 2 3 1 I 7 5
TA PA 10 9 0 ’ ? 0 0 3
TA 0 0 0 0 . 0 « 0 0
KA. 0 7 11 0 1 _  1 A
,BA 5 11 0 4 4 2 0 2
DA 2 .1 1 0 0 3 2 6
GA 1 6 5 1 0 7 A
G- KA PA 10 _ 1 b : 0 1 2 5
TA 0 9 r, 2 0 1 A
7 KA 0 0 0 0 0 0 0
BA 1 0 12 6 1 2 2 ‘ "
V DA 2 2 9 1 10 ■ (> 3
GA 1 0 7 1 0 ■' 10 5
E BA PA 12 1 0 A 1 2 A
TA 1 12 0 2 c A : ” 5
N ' * KA 0 1 1? 3 3 0 5
BA 0 0 0 0 0 0 0
DA 2 0 0 1 1 6 1 A
GA 0 0 1 « 2 10 3
DA PA 10 2 0 b 3 0 A
TA 0 12 0 0 3 A '' -5
KA 0 0 12 3 3 3 3
BA 3 2 0 10 "' 5 A
DA 0 0 0 0 0 0 0
GA 1 0 2 0 3 12 6
GA PA 12 0 1 2 2 A 3
TA 1 11 3 1 2 2 A
KA 1 1 , 12 2 0 A A
BA 0 • 0 2 7 3 .....^ 3
DA 0 0 i 0 2 3 12 7
GA 0 0 0 0 0 i o 0 ..720 ■—H. , ■*
DICHOTIC 
LEFT 15 LEAD
* No response* or  tlniihli* o r r o r
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wf ■ .PA TA




BA 7 __ 2
GA 5 1
_TA .PA 10 8
TA 0 0










BA PA 1? 3
TA 2 11




: BA PA 1 1 ___ i
TA 0 12
i KA 1 „ 1* BA A 1
DA 0 „ 0
GA I 1








KA 13A * j DA GA ■ NK/DF A
0  0 0 0
0 1 o 1
A ? .0 1
1 7 0 0
0 7 A ____ 2
2 1 1 11
0 2 . 1 . .  . 0 
0 0 0 0
12 0 _ 0 . , 0
1 A 2 0
I 1 _ . V..... 1
3 0 0 12
A 0 0 • 2
9 0 0 0
0 0 G O
9 5 0 3
6 i 1 j 9
n i 1 n
1 <. 1 .._ o
2 S 1 0
12 4 . 0 _ , 0
0 ' 0 0 0 
0 -10 8. 2
0 3 6 i 1 ?
* 1 2 !  . 3... 1 . 3
1 0 5 ‘ . 3
12 ' 1 ' 0  5
0 10 3 : 2
’ 0 ' 0 ' 0 _  __ 0
i‘ 1 ■ 1 5 12
• 0 . 1 0.. ____A.
5 1 v . 1 A

































PA TA KA BA DA GA . NR/DE*
0 0 0 0 0 O ' 0
1 L 1 V 0 0 1 0 , 1
6 0 12 2 ) 0 ! 3
11 1 0 10 1 0 } 1
1 0 0 0 2 9 _ 1 ?9 1 0 1 “ l'"" , 1 0  , 21 1 6 0 0 2 1 A
0 0 0 0 0 0 f 0
0 9 12 0 : 0 0 ! 32 9 O h - O' 0 I " " 5
0 . 1 1 0 A 1 6 2 1
0 8 1 0 ; 0 " 12 . 3
12 0 7 Cl i 1 3
0 1 1 10 0 0 1 .20 0 0 G 0 0 0
2 1 9 7 2 1 2
1 0 . 11 1 1 9 1 1
1 1 5 1 i i ) 2 3
12 1 0 7 ■ 1 .... 0 1 31 12 0 0 : 0 0 2 
1 1 30 2 12 f, 0
0 0 0 0 0 0 , 0
1 1 0 1 0 8 0 ' A
1 G 0 2 G 12 A
10 0 0 2 ; 1 0 0 ?
0 12 0 0 3 5 2
0 2 11 1 6 2 2
0 • 0 0 12 9 0 3
0 .... 0 . ; 0 0 0 0 j 01 0 0 1 6 12 I A
11 1 1 1 A . .5..J* -0 11 3 0 1 7 | 2
0 0 11 2 1 8 1 2
0 0 1 11 1 10 ' 1
0 0 1 1 8 : 10 A
0 0 0 0 0 0 *’ 0 “
DICHOTIC 
LEFT 60 LEAD
* No response or double error
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RESPONSE i
rv_' n PA TA KA t BA DA GA NR/DE*
l | * . ,
I PA PA O 0 O 0 ■ i 0 0
TA « 12 0 1 : 0 ' 0
.... KA *3 ..... . 0 11 0 ; 0 1BA 9 i o io 0 2
. ... PA R 1   1 . .. 0  2 , 1 0   0 ___
!* GA io 0 0 1 f 1 1 1 r
L T A _  PA ii _ . ..10 . j‘ . 0 . . 1 .! 0   . 0  ____
TA o 0 0 0 0  0
 KA _ 2   8   1 0 1 1 0 .. __
BA o 1 0  1 n  o 0
J DA_ o_______9   0 1 ; 10 1
GA 1 9 1 0 0 12
G I K A _ P A  _12 _ 0 _  _ 9 0 l_ 1
TA o 1 1 9 1 - 0  " 0
I i KA _ 0  ..  . 0 . .. 0 0 0 0
BA o 0 . 1 1  1 0 ) ' 0
V L DA 0   0 . 1 1  tt (j o
GA i 2 5 1 0 11
E ;J?A PA ii ... o 0 8 2 0_
TA o 1 2 0 1 0 l 0
N__•____ KA 0 . 0 ..... J 1 r 9 0 1
i BA o. 0 0 1 0 0 C.
L ____DA 0   0 0 10 , 1 1  0
■ GA i o I 3 ** 12
u_DA _  PA io 2 0 0 7 _ 1 _
TA o 12 0 2 9 ....  0
:____ KA o  ; 0 _  . ; 12 1 8 0 _ _
BA 1 0 0 11 9 ■ ” 0
:_____BA o _______ 0   0 0 *_ 0  _ __ 0 _____
GA 0 1 o 0  " 9 - 1 1
JGA_ pA_1 2 ______  0 ... 0 _ 1 1 1 9 ___
TA 2 1 0 | 3 * 0  0 7
, K-A 3  ! 2. > 5  \ 1 1 __ 10
BA o 0 0 1 ? 0 1 0
:_____ BA i .. I   1 2 7 ■ 10 . _
GA o 0  0 0 0 0
^ : 720 | .
DICHOTIC 
LEFT 90 LEAD
* No rosponso or double error
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Appendix 9 Individual Subject Data for Dichotic Tests
123
Dichotic data raw scores and means for all subjects, 
time separation, and lead/lag conditions.
Simultaneous 
(Combined Scores of 4 Tests)














x = 43 x * 35
15 msec










1 20 20 22 15
2 16 17 17 14
3 11 15 18 9
4 26 15 19 16
5 20 20 25 17
6 21 20 23 20
7 24 20 26 23
8 23 17 23 20
9 22 16 19 14
10 22 19 26 11
11 18 21 20 17
12 23 26 26 23
m 727 m TT5"
x - 20 x - 19 x - 22 x - 17
124
Dichotic data raw scores ...(Continued).
30 msec
(Combined Scores of 2 Tests)
Right Ear Left Ear Right Ear Left Ear
Subj ect (Lead) (Lag) (Lag) (Lead)
1 24 19 23 16
2 17 23 18 16
3 13 16 22 5
4 22 18 22 16
5 18 25 24 16
6 22 19 24 17
7 24 22 28 21
8 25 24 24 26
9 19 12 23 9
10 19 14 28 11
11 18 21 23 16
12 22 27 22 24
243 7 T & 1 S T T3T
x * 20 x ■- 20 x = 23 x * 16
60 msec
(Combined Scores of 2 Tests)
Right Ear Left Ear Right Ear Left Ear
Subj ect (Lead) (Lag) (Lag) (Lead)
1 27 25 25 24
2 18 26 22 16
3 10 19 25 2
4 27 21 21 22
S 27 30 28 29
6 23 30 27 24
7 27 22 30 20
8 28 29 30 25
9 21 23 29 16
10 27 24 29 17
11 20 24 23 20
12 25 29 27 267 M m 316 7 J T
x - 2 3 x - 25 x ■ 26 x - 20
125
Dichotic data raw scores ...(Continued)*
90 msec










1 25 25 29 24
2 20 27 21 18
3 13 15 28 1
4 25 21 21 24
5 24 30 28 26
6 28 28 28 27
7 28 27 26 23
8 29 29 29 27
9 24 28 39 18
10 27 25 28 22
11 25 27 24 26
12 27 28 26 28
TTTf 3TJT 1ST
x - 25 x = 26 x * 26 x - 22
126
Appendix 10.--Tables and Graphs of Responses to Individual
CV Pairs in Dichotic Listening
Dichotic results percent correct for all CV pairs at 
all time conditions for lead and lag positions. 
(First CV of pair is lead CV.)
TIME PA/TA TA/PA PA/KA KA/PA
(msec)
R(Lead) L (Lag) R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag)
0 83 75 83 67 83 50 83 42
15 75 67 75 67 58 58 75 83
30 83 75 92 75 42 83 67 75
60 92 92 75 92 83 83 83 75










Dichotic results percent correct...(Continued).
TIME PA/BA BA/PA PA/DA DA/PA
(msec)
R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L (Lag)
0 100 42 50 100 100 25 42 67
15 100 42 42 100 83 17 25 92
30 100 33 58 92 58 33 33 100
60 100 75 67 100 58 83 58 100





L(Lead) R(Lag) L(Lead) R(Lag) L(Lead) R(Lag) L(Lead) R(Lag)
0 100 50 42 .100 83 33 42 92
IS 100 58 .33 100 67 25 25 83
30 100 58 33 100 58 33 25 92
60 92 83 58 100 83 75 83 83
90 75 83 .67 92 67 83 58 83
128
Dichotic results percent correct...(Continued).
TIME PA/GA GA/PA TA/KA KA/TA
(msec)
R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag)
0 83 58 75 50 58 83 92 42
15 75 42 58 . 83 75 83 83 67
30 75 67 58 100 50 67 100 75
60 100 83 83 100 83 92 83 92
90 .92 82 83 „ 100 . 92 83
TIME
(msec)
PA/GA GA/PA TA/KA KA/TA
L(Lead) L(Lead) L(Lead)L(lead)
100 . 67





Dichotic results percent correct...(Continued).
TIME
(msec)
TA/BA BA/TA TA/DA DA/TA













60 100 92 100
100.83
130
Dichotic results percent correct...(Continued).
TIME TA/GA GA/TA KA/BA BA/KA
(msec)
R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag) R(Lead) L(Lag)
0 17 17 75 08 100 17 25 100
15 83 42 75 42 92 17 42 83
30 67 58 67 67 100 33 33 83
60 75 83 83 100 92 75 75 100































































DA/KA k a/ga GA/KA


















92 50 83 75 42 92 92 08
15 92 50 42 83 50 83 100 50
30 83 58 25 75 50 67 92 33
60 67 67 75 83 58 92 92 58
90 67 92 83 83 67 83 92 - 92
TIME
(msec)










R(Lead) L(Lag) R(Lead) L(Lag)
0 42 92 100 33
15 42 92 92 42
30 50 100 100 50
60 67 92 92 50




L(Lead) R(Lag) L(Lead) R(Lag)
0 33 92 92 42
15 25 100 100 25
30 42 100 100 50
60 50 100 83 67
90 75 92 83 58
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V-/
i '  ._TA Left Lag
j
PA I Right Lead 
:  100%.
TA : Right Lag















e i  s i  ib
' fi
' t
...............  . 4 2  k
• !
<
3 3  ..
!
2 5  -
i ! r  s i  eb eb
(msec separation)
PA „ Left Lag.








^  1,I!S ’ PA Right ).ag
KA Right Lead









Left La[i BA Right Laf;













1>A - U:Si 3,ru; ' JCA __. Light Lag
80














(]■■,'; e a sepai at i on)
137
DA Left Lag DA Right Lag
PA. Right Lead 












P A  L e f t  L a g  ■ _ P A  R i g h t  L a g
DA l'ieL Load



















I_____  I l
i (msec separation)
PA _ t Lag. _PA Right Lag
GA Left Lead
t  — •
33
(j f:r r: f.eprral ion)
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KA Left Lag» t! *
TA Right Lead
~  ; 100%
KA Right Lag 





















(i :ec s e p a  vr 1 j on)
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15 30 g u eI
(iugcc separation)
_TA  ̂Lett Lag ^TA _ ):ight Lag
f-0
BA right Load BA Loft Lead 
100,
-  - *  - t92 \\
























( i , f oo  s e p a r a t i o n )





BA__ Right Lag 
TA Left Lead














TA  ̂Left Lag TA Right Lag
DA IT'ini,! DARiglt Lead
loo;.,\
V













si) i l  t i!i 3 I)
( e s e ] V  1 j ojj )







GA Left Lagj~ j
TA Right Lead
— T _ . 100%


















I eh  9 o'




BA j Left Lagvrr *AA : Right Load
r r r T . - . - * ^  : io o %
BA : Right Lag



























DA' Left Lag DA Right Lag













KA ^  Left Lag . KA
DADA J-igh'; Lead


































ii (mscc sc paration)
KA _ Left Lag. _KA




DA Right LagDA Left Lag










BA Left Lag > Right Lag
90



















i ' i \
i * ’
iH 3 !) ~c!> " 9 0
(1 :;c e r.epr.rai i on)
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GA Left Lac GA Right Lag
BA Right Lead 
“  . . .. .100%
| (mnec reparation) I
\ i :














DA ^  Left Lead 
 »----
!
o s  ..
l o  g6  3 /) i t  ii ] k i t
/
3 3  . I
/
/V /









.D.A. _  I,eft J'aS ' _ RihDi Lag









(i ;r:c c rcprvr.ti on)
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Appendix 11.--Ratios of Lead to Lag Scores Plotted
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